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Abstract
COMMON-TONE PRESERVING CONTEXTUAL INVERSIONS IN THE MUSIC 
OF ELLEN TAAFFE ZWILICH
by
Jessica Rudman
Advisor: Joseph N. Straus
              To truly understand the melodic and harmonic structures of Ellen Taaffe Zwilich’s 
music, a transformational perspective is essential.  Discussing her works in terms of motivic 
analysis, set theory, and other similar approaches is often illuminating but fails to account for 
certain types of subtle musical connections.  Specifically, those methods focus on tracing 
particular musical objects but do not typically follow whatever characteristic processes might be 
applied to those objects.  Transformation theory, on the other hand, focuses on that aspect and 
can thus reveal connections overlooked in other types of analysis. 
              Most of the pitch processes Zwilich employs can be described as contextual inversions, 
which include any inversion around some characteristic element within a set rather than around a 
specific pitch axis.  More specifically, she frequently uses contextual inversions wherein a set is 
inverted around one of its symmetrical subsets, producing one or more common tones.  Various 
authors have introduced common-tone preserving contextual inversions particular to individual 
set classes, yet so far no one has explored the family of all such transformations.  Drawing on 
work by scholars such as David Lewin, Joseph Straus, Richard Cohn, and others, I will introduce 
a generalized theory of common-tone preserving contextual inversions and use that framework to 
provide insight into Zwilich’s style.
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Note on Orthography
 In this dissertation, I will follow the system for labeling set classes used in Joseph 
Straus’s Introduction to Post-Tonal Theory with some minor adaptations and expansions 
necessitated by the theoretical framework being introduced.  Here is the basic system:
[ ] brackets indicate actual the actual pitch classes of a set (typically in normal form)
( ) parentheses indicate the prime form of a set class
{ } curly brackets indicate a subset taken from the prime form of a set class
< > angled brackets indicate a string of intervals
For example:
[14789] indicates actual the actual pitch classes of a set in normal form
(01258) is the prime form of the set class given in normal form above
{1258} is a subset of the set class with prime form (01258)
<+1+1+3+3> is the pattern of directed intervals found in the prime form given above
The pitch classes 10 and 11 will be represented by T and E when naming sets and set classes.  
To facilitate the comparison of interval strings, intervals will typically will be given as ordered 
pitch class intervals using only integers 1-6 modified with plus and minus signs.  For example, C 
to G will always be labeled -5 (and never 7) regardless of whether the surface realization is an 
ascending perfect fifth or a descending fourth.  Transpositions will be handled similarly.
Some additional practices specific to the theory presented in this dissertation will be discussed in 
detail in Chapter 1. 
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Foreword
 Ellen Taaffe Zwilich (b. 1939) is an undeniably significant figure in American music: the 
first woman to receive a doctorate in composition from Juilliard, the first woman to win the 
Pulitzer Prize in Music, and a frequently performed composer for approximately four decades.  
Surprisingly, though, there is very little scholarly research done on Zwilich’s music, and most of 
those writings deal with performance practice, orchestration/instrumentation, and/or surface style 
in very general ways.1  Few detailed analyses of her works exist, and little attention has been 
paid to her by music theorists.2  While this may be related to the simple fact that Zwilich is still 
alive and active (or, in a more cynical view, to her gender), the apparent transparency of her style 
may be a significant factor.  If so, that barrier becomes quite permeable when one examines the 
music more closely: beneath Zwilich’s seemingly clear surfaces lies a rich world of associations 
and sophisticated manipulations that generate organic yet unpredictable structures.  
 To truly understand what is going on in Zwilich’s music, a transformational perspective is 
essential.  Discussing the works of post-tonal composers in terms of motivic analysis, set theory, 
and other similar approaches is often illuminating but fails to account for certain types of subtle 
musical connections.  Specifically, those methods focus on tracing particular musical objects but 
do not typically follow whatever characteristic processes might be applied to those objects.  
Transformation theory, on the other hand, focuses on that aspect and can thus reveal connections 
overlooked in other types of analysis.  A brief discussion of some examples from Zwilich’s 
Concerto Grosso will serve to demonstrate the value of taking a transformational approach.
1
1 See Chung 1991, Hillyer 2004, Kaizer 2004, Roberts 2001, Rodriquez 2008, Rylands 2002, Wherry 2002, Whitter 
1995, and Yoon 1997 for examples of such writings.
2 Benner 1994, Gunn 1993, and Schnepel 1989 represent the sole published sources that attempt any sort of in-depth 
theoretical discussion of Zwilich’s output.
Example 1. The Concerto Grosso, I: 6
Example 2. The Concerto Grosso, I: 35
 Example 1 includes the main motive of that work, while Example 2 features a clear 
variation of that initial idea.  Both feature an identical rhythm. Both open with an arpeggiated 
triad, though the first note is displaced by an octave in the second version.  Both have the same 
essential contour.  The only real changes are the expanded intervals in the second version, which 
cause a change in the precise set classes involved.  Still, the surface similarities make the 
connection obvious and such relationships can be used in explaining much of the work.
Example 3. The Concerto Grosso, II: 5-11
 Motivic analysis begins to falter in relating those two examples to the next, however.  As 
shown in Example 3, the main theme of the second movement begins with a rhythmically varied 
form of the motive with its final ascending minor third filled in with some added notes. The 
music then moves away from that identifiable figure, however.  The down-up contour at the end 
of the motive is repeated to help connect the rest of theme, but overall the line ends with 
something not immediately recognizable as stemming from the main motive.  
2
 Here, set class analysis is needed to demonstrate a connection not revealed by motivic 
analysis: the versions of the main motive found in Examples 1 and 3 belong to the same set class 
as the final six pitches of the second movement’s theme.  The version of the main motive in 
Example 2, however, does not.  Set class analysis can thus reveal relationships that sometimes 
but not always overlap with those highlighted by motivic analysis. Zwilich’s music in general 
does exhibit a large amount of set class consistency, so such an approach is also reasonably 
effective.  However, set class analysis has the same shortcoming as motivic analysis: both are 
effective at tracing objects belonging to a similar family—whether it be a certain motivic profile 
or a set class—but not at relating those from different families.  Neither can link the three 
examples given above to more diverse excerpts like those shown in Examples 4-6, which come 
from pieces spanning Zwilich’s career.  The transformational theory introduced in this 
dissertation can.  
Example 4. The Concerto Grosso, III: 16
Example 5.  Einsame Nacht, VI: 45
3
Example 6. The Quintet, II: 5-7
 Rather than following certain motives or set classes, my approach will instead trace how 
Zwilich uses particular processes—specifically various transformations on pitch-class sets—both 
within specific works and across her output, revealing aspects of her style neglected in previous 
studies.  Most of the transformations Zwilich employs can be described as contextual inversions, 
which include any inversion around some characteristic element within a set rather than around a 
specific pitch axis.  For example, inverting a pitch motive around its second note would be a 
contextual inversion, while inverting around “E” would be an example of traditional pitch-class 
inversion.  In a contextual inversion, then, the axis of inversion changes for every set, so such 
transformations are useful for developing pitch motives without emphasizing inversional centers. 
Contextual inversions can be defined based on a single set class or for a group of set classes.  
The latter type are useful for unifying different set classes by subjecting them to the same 
operations.  The examples from Zwilich’s music given above all feature the same type of 
contextual inversion wherein a set is inverted around one of its symmetrical subsets, producing 
one or more common tones.
 Various authors have introduced common-tone preserving contextual inversions 
particular to individual set classes, yet so far no one has explored the family of all such 
transformations.  Drawing on work by scholars such as David Lewin, Joseph Straus, Richard 
Cohn, and others, I will introduce a generalized theory of common-tone preserving contextual 
inversions and use that framework to provide insight into Zwilich’s style.  This detailed 
4
accounting of her music will not only demonstrate the effectiveness of the theoretical apparatus 
presented here, but will also introduce a deeper level of technical analysis than that currently 
found in discussions of Zwilich’s oeuvre.
 Chapter 1 presents the theoretical framework for the family of all common-tone 
preserving contextual inversions, which I will call J (in keeping with Lewin’s practice of using 
that letter to label contextual inversions).  After reviewing existing research on common-tone 
preserving contextual inversions, I introduce a generalized definition and corresponding system 
of nomenclature for that family, which encompasses various previously introduced 
transformations as well as many others not yet described in the theoretical literature.  Next, I 
outline an approach to determining which set classes can be subjected to members of that family, 
which transformations are possible on those set classes, and what the inherent voice-leading 
motions are for each inversion, with the resulting data appearing in the Appendices.  A brief 
discussion of how the family of J-inversions serves as an extension of neo-Riemannian 
transformations and principles closes the chapter.  
 Chapters 2 and 3 turn to the use of J-inversions in musical contexts, with the former 
focusing on individual transformations and the latter on combinations thereof.  Both chapters 
give an overview of compositional approaches to J-inversion and discuss various theoretical 
implications and analytical issues that may arise in actual repertoire.  Wherever possible, those 
discussions are illustrated with examples drawn from the works of Zwilich.  Despite the focus on 
her music, however, the theoretical principles and analytical approaches discussed in these 
chapters are applicable to the music of other significant composers from a variety of styles and 
5
schools, including figures such as Arnold Schoenberg, Igor Stravinsky, Elliott Carter, and John 
Adams.  
 Chapter 4 applies the J-framework in a detailed analysis of Zwilich’s Quintet (2011).  
This recent composition is particularly suited to the analytical approach introduced here, as three 
of the five possible J1- and J2-transformations on (012479) play significant roles in the work’s 
pitch structure.  Although that hexachord is absent from the first movement, it emerges in the 
second and dominates the third, which is completely constructed using a limited number of 
transpositions and J-inversions.  The music of those two movements is interpreted as passes 
within a compositional space relating all twenty-four members of the hexachord class through 
such transformations, showing how J-inversions can influence a work’s deep structure as well as 
its surface.   
6
Chapter 1: The J-Family of Contextual Inversions
              
              Scholars such as Cohn, Straus, Childs, Gollin, Lewin, and others have attempted to find 
analogues for the neo-Riemannian transformations P, R, and L—first defined for triads—to act 
on other trichords and larger set classes.3  However, no theorist has yet explored the shared 
structure that underlies the diverse transformations they discuss: each involves the inversion of a 
set around one of its symmetrical subsets.  A family of contextual inversions thus exists that 
includes a wide variety of operations described in the literature as well as many others not yet 
discussed.  This chapter will build on previous research by the scholars listed above to lay out a 
theoretical foundation for that family.
   
Extending the Neo-Riemannian P, R, and L to Other Trichords 
              Neo-Riemannianism grew out of a desire to understand music that used the materials of 
tonality but did not follow the corresponding norms of harmonic progression.  Drawing on the 
work of nineteenth-century German theorist Hugo Riemann, David Lewin posited a number of 
contextual inversions on triads, including P, R, and L: P maps a major triad onto the parallel 
minor, R onto the relative minor, and L onto its mediant (Example 1.1).4  Each of these 
transformations display two characteristics that have remained core concerns of neo-Riemannian 
theory: smooth stepwise voice-leading and common-tone preserving inversion.  Though these 
elements are both present in P, R, and L on (037), they are not co-requisites; in fact, only a 
limited number of sets will support transformations that feature the two together.  Attempts to 
7
3 Cohn 1997, Straus 2011, Childs 1998, Gollin 1998, Lewin 1993 and Lewin 2008 will be discussed in this chapter.   
Other examples not covered here include Callender 1998, Clough 2002, Fiore and Satyendra 2005, Hook and 
Douthett 2008, Kochavi 1998, Lambert 2000, Lewin 1996, Lewin 1998, and Siciliano 2005.
4 See Lewin 1982 and 1987 in particular.
expand this branch of theory, therefore, have generally followed one of two relatively 
independent paths, the first centered on parsimonious voice-leading and the second on contextual 
inversions that preserve common tones.  The theory introduced in this dissertation belongs to the 
latter camp, though voice-leading parsimony will be briefly considered later in this chapter. 
Example 1.1.  P, R, and L on (037)
Example 1.2.  P, R, and L on (025)
  
              Focusing on the three triadic transformations as common-tone preserving inversions, 
Richard Cohn generalized P, R, and L to apply to all trichords in his 1997 article “Neo-
Riemannian Operations, Parsimonious Trichords, and Their Tonnetz Representations.”  
According to his definitions, P inverts a trichord around its largest interval, R around its medium 
interval, and L around its smallest interval (Example 1.2).  These descriptions accurately 
represent the process found in triadic P, R, and L without employing tonal terminology, thus 
enabling them to act on other trichord classes.  
              In this expanded system, the role of parsimonious voice-leading is diminished.  Of the 
twelve possible trichords, (037) is unique in displaying motion by only one or two semitones for 
each of the three transformations.  Other trichords will demonstrate similarly small voice-leading 
distances for one or two of the transformations but not for all three: P on (013), L on (016), and 
P on (025) each feature a half-step move, while P on (014), P on (026), and L on (026) all involve 
8
motion by whole step (Example 1.3).  Notably, R is not parsimonious for any trichord other than 
(037).
Example 1.3.  Parsimonious transformations on trichords other than (037)
              These generalized definitions are perfectly suited to (037) as well as trichords (013), 
(014), (015), (025), and (027).  However, that list only includes half of the possible trichords; 
Cohn’s descriptions of P, R, and L are problematic for the remaining six trichord classes.  Those 
with only two distinct interval sizes—(012), (024), and (036)—have a clear P, two L 
transformations (around either instance of the other interval), and no R (since there are only two 
interval sizes, small and large).  The augmented triad (048) only has one interval size so any 
attempt to invert around a dyad (or singleton) within the set simply results in an identity.  The 
three transformations are thus irrelevant for the augmented triad.    
              Set classes with a tritone—(016), (026), and (036)—pose two additional problems, 
which become clear when the obverses of P, R, and L are examined.  Neo-Riemannian theory 
allows for an additional three operations where the notes of the largest, medium, and smallest 
intervals each invert around the remaining singleton; depending on the source, these obverses are 
referred to as L’, P’ or Slide (S), and R’ or Nebenverwandt (N).  Examining these three 
transformations alongside P, R, and L for a trichord involving ic6 reveals the additional issues 
with Cohn’s definitions.  Take (016) as an example:
9
• P inverts around the largest interval {06}, so [016][056]
• R inverts around the medium interval {16}, so [016][167]
• L inverts around the smallest interval {01}, so [016][701]
• P’ inverts the largest interval around the singleton {1}, so [016][812]
• R’ inverts the medium interval around the singleton {0}, so [016][6E0]
• L’ inverts the smallest interval around the singleton {6}, so [016][6E0]
              There are two related problems here.  First, R’ and L’ are equivalent since inverting 
around either of the tritone-related pitches will produce the same result.  These two 
transformations are thus not distinct from each other the way they would be for (037) or any 
other set class without ic6 (and with three different interval sizes).  Second, R’ and L’ both 
preserve the same dyad as P.  These transformations—which seem to belong to a different 
category than P, R, and L—actually have the same number of common-tones as those non-
obverse operations and thus appear more similar to them than to the remaining obverse, P’.  The 
other two trichords involving ic6 are also subject to these two issues.  The tritone, like the 
absence of three discrete interval sizes, precludes the existence of the six distinct transformations 
described in the neo-Riemannian system.  
              Attempts to apply P, R, L, and their obverses to larger set classes encounter those 
difficulties plus an additional one: when at least four notes are involved, the possibility arises for 
more than three gradations of interval size.  Approaches to extending neo-Riemannian principles 
to larger set classes are primarily distinguished by how that issue is handled, and Joseph Straus, 
Adrian P. Childs, and Edward Gollin each present different strategies for addressing that 
difficulty.  The latter two authors focus on solely on the set class (0258), though Gollin does also 
discuss generalizations for all tetrachords.  Straus, on the other hand, presents a system to 






L 0124   9e01
L! 0124   2456
0y/xz
R 0124   t012
R! 0124   1345
0z/xy
P 0124   0234







 Example 1.4.  Straus 2011’s Table 3: neo-Riemannian transformations extended to tetrachords5
Approaches to Tetrachords
              Straus’s 2011 article “Contextual-Inversion Spaces” applies P, R, L, and their obverses 
to tetrachords by partitioning each set class into three pairs of dyads.  Assuming a tetrachord 
(0xyz), the three possible groupings are 0x/yz, 0y/xz, and 0z/xy.6  The first dyad of each pair is 
created by the lowest pitch (the “0”) and one of the three successive pitches; the second of each 
pair includes the two remaining notes.  Straus’s P, R, and L invert around the largest, medium, 
and smallest interval formed by the lowest pitch and another note, while the obverses invert 
around the remaining intervals.  This is summarized in his Table 3, reproduced here as Example 
1.4.  This approach thus avoids the issue of having more or less than three distinct interval sizes 
within a given set class.  That possibility existed in Cohn’s trichordal definitions because the 
interval sizes were measured from different starting points.  Since Straus’s tetrachordal 
11
5 Straus 2011: 65.
6 Ibid.: 63.
transformations are defined based on the interval between the lowest pitch and another note, 
there will always be three distinct interval sizes.7
              However, Straus’s definitions only work up to tetrachords.  With cardinalities larger than 
4, more than three distinct interval sizes from the lowest pitch class to another will exist.8  One 
can still look at pentachords and larger sets from a similar standpoint—parsing the set class into 
subsets around which one can invert—but the labels of P, R, L, and their obverses will no longer 
be applicable.  Furthermore, the number of possible transformations grows rapidly with each 
increase in cardinality.  Straus explains: “for sets larger than a tetrachord, the number of possible 
RI-chains, interval multicycles, Tonnetze, and contextual-inversion spaces proliferates rapidly 
and makes a thorough, systematic account of the possibilities impractical.”9  Though this is 
somewhat of an overstatement (as will be demonstrated later in the chapter), no systematic 
discussions of analogous transformations on set classes with cardinality 5 and above have been 
published to date.  
              Adrian P. Childs’s 1998 article “Moving Beyond Neo-Riemannian Triads: Exploring a 
Transformational Model for Seventh Chords” also focuses on extending the neo-Riemannian 
operations to tetrachords, but his approach differs in three significant ways.  First, Childs is only 
concerned with one particular class of tetrachords, namely that consisting of dominant and half-
diminished seventh chords.  Second, he is solely interested in transformations that involve 
12
7 One could potentially revise the definitions for the trichordal transformations accordingly.  Given a trichord of 
prime form (0xy):
• P would invert around {0y} and P’ around {x}
• R would invert around {xy} and R’ around {0}
• L would invert around {0x} and L’ around {y}
This would solve the issue of distinguishing between transformations on trichords without three distinct interval 
sizes.  I will not pursue this track any further, however, as I will soon be presenting an alternative system.
8 N-1 different interval sizes between the lowest note and another pitch will exist.
9 Ibid.: 75-76. 
semitonal motion in two voices, something known as the P2-relation: the Pn-relation involves two 
sets who can be connected by half-step motion in n voices.10  Childs thus emphasizes 
parsimonious voice-leading, the other main concern of neo-Riemannian theory.  The third 
difference between Childs’s approach and that of Straus 2011 is the nomenclature.  Childs 
dispenses with the problematic labels of P, R, L, and their obverses, instead devising a new 
system to name the transformations between P2-related (0258)s.  
Example 1.5.  Childs 1998’s Figure 5: P2-relations for (0258)
              Childs’s operations—shown in his Figure 5 and reproduced here as Example 1.5—
always involve two voices held as common tones and two moving by half-step.  A transformation 
is labeled S if the two voices move in the same direction (parallel motion) or C if they move in 
contrary motion.  Childs also includes a subscript indicating the interval class between the two 
fixed pitches and the original interval class of the moving pitches in parentheses.11  Since there 
are multiple instances of ic3 in (0258), the interval classes of both the fixed and moving dyads 
are necessary for clarity.  S3(2), then, would refer to a transformation in which a minor third 
remains while the notes of the major second move by half-step in the same direction to form 
another member of the set class.  
13
10 Childs 1998: 182-184.
11 Ibid.: 185.
              S transformations on (0258) involve inversion and thus a change in quality from 
dominant to half-diminished or vice versa.  For that reason, Childs views this group as analogous 
to P, R, and L.
12
  C transformations on (0258) are in fact various transpositions and, though 
Childs includes them in his taxonomy of possible transformations, he focuses on the inversions, 
explaining that each C can be created through two S’s.
13
  Despite the possibility of T-operations 
and the emphasis on parsimonious voice-leading, Childs’s article ultimately presents another 
theory of common-tone preserving contextual inversion on tetrachords.    
              Like Straus, Childs found a logical and effective way to apply neo-Riemannian concepts 
beyond the trichord.  However, his system is even more limited in scope.  Childs sets out to 
correct a problem he (rightfully) recognizes in previous neo-Riemannian theories, stating “the 
composers whose works seem best suited for neo-Riemannian analysis rarely limited their 
harmonic vocabulary to simple triads” and asserting that seventh chords are an integral part of 
those composers’ music.
14
  Despite that belief, however, Childs focuses on just two qualities of 
seventh chords and never mentions any others.  
              His emphasis on the P2-relation precludes such discussion, as (0258) is the only class of 
seventh chords that can use semitonal voice-leading in two voices to move from one member to 
another.  Again, while such parsimonious motion has historically been an important 
consideration in neo-Riemannian theory, it need not be a defining characteristic of all 
transformations.  In fact, the possibility for motion by interval other than the half-step is allowed 





includes motion of a whole step.  Setting aside the requirement of a P2-relation and focusing on 
the common-tone preserving contextual inversions inherent to his theory would allow Childs’s 
system to be applied to the remaining types of seventh chords with only minimal alteration.  For 
instance, Example 1.6 shows a modified version of his approach in relation to the minor seventh 
chord, set class (0358).
Example 1.6.  A modified version of Childs’s system applied to (0358)
              Two changes have been made to his system here.  First, rather than showing the interval 
class of the common tones followed by the original interval class of the moving notes, I have 
chosen to include numerals representing the two fixed pitches as they appear in the prime form 
of the original set.  This removes the necessity of showing both interval classes and will prove 
necessary for extending the system to larger set classes.15  In set classes with a cardinality of 5 or 
more, the possibility exists for more or less than two notes to move or be retained as common 
tones.  If one assumes a dyad must be preserved for the transformations to be analogous to those 
on tetrachords (and to the neo-Riemannian trichordal operations), then three notes would move.  
In that case and in all other possible combinations—three notes retained and two moving, one 
retained and four moving, four retained and one moving—labeling the transformation with 
interval classes no longer makes any sense.  Using numbers taken from the overall set’s prime 
15
15 Though Childs does not apply his system to other cardinalities, his footnote 4 (192) does mention Scriabin’s 
“mystic chord” (013579) as another set class with similar properties to (0258), implying that similar transformations 
exist for that larger set class.  Such analogous transformations do exist for that hexachord, as can be verified in 
Appendices  3 and 4.
form makes clear the inversional mappings are regardless of how many notes are mobile or 
  fixed.  
              The second modification to Childs’s system is necessary because a third possibility aside 
from S and C exists for this set class, thus requiring an additional label.  In two of the 
transformations, (0358) inverts onto itself as an identity, and thus none of the voices appear to 
move.  These are labeled ID in the example.  Additionally, the designations S and C are 
somewhat less important here: while they still express the relationship of the moving notes, they 
no longer correlate with the distinction between inversion and transposition.  The two C-
transformations shown in Example 1.6 are both inversions, as are the two S’s.  This suggests 
these labels may no longer be relevant, and in fact, they become problematic if Childs’s theory 
were extended to account for more than two moving notes, as would be possible with larger set 
classes.  The relationship between three voices, for example, can no longer be described simply 
as contrary motion.  An expanded system would thus need a new, more general name not tied to 
the relative direction of the moving pitches.  
              Edward Gollin proposes one such system in his 1998 article “Some Aspects of Three-
Dimensional ‘Tonnetze’”, which also focuses on (0258).  Rather than privileging P2-relations, 
however, he looks at all of the inversions that can be found in a three-dimensional tonnetz 
created for the set class, regardless of the voice-leading distances and exact number of common 
tones involved in each transformation.  In Gollin’s pitch space, four, seven, and ten semitones 
relate pitch classes along the a-, b- and c-axes respectively, and each tetrahedron formed in the 
space represents an instance of (0258).  Six different inversions can be created by flipping a 
16
tetrahedron around one of its edges, while an additional four arise from flipping around a vertex.  
These transformations are summarized in his Figures 4a-b, reproduced here as Example 1.7a-b.16
Example 1.7a.  Gollin 1998’s Figure 4a: “edge-flips” around C-E-G-Bb  
Example 1.7b.  Gollin 1998’s Figure 4b: “vertex-flips” around C-E-G-Bb
 
17
16 Gollin 1998: 201.
              Gollin’s labeling system derives from Moritz Hauptmann, a nineteenth century German 
theorist and composer.  The lower case Roman numerals each refer to a chord member: i 
indicates the root of a dominant seventh chord, ii the third, iii the fifth, and iv the seventh.  
Following dualist logic, these relationships are reversed for the half-diminished seventh chords: i 
now means the seventh, ii the fifth, iii the third, and iv the root.17  The pair of numerals shown 
indicates the inversional mapping for each transformation; including two different numerals 
shows that the two chord members are inverting onto each other, while two of the same numeral 
means that member is inverting onto itself.18  This does not necessarily indicate the number of 
invariant tones, however.  As shown in Gollin’s Figure 4a, the inversion that maps iiiv 
involves three common tones, while the other “edge-flips” only retain two common tones.  Of 
the “vertex-flips”, only that which maps ii preserves a single note; those mapping iviv and 
iiii retain two each, and the transformation mapping iiiiii features three common tones (and 
is equivalent to the iiiv inversion).  
              Like that of Childs 1998, Gollin’s system has the potential to be extended to other set 
classes.  Since Gollin does not stipulate a P2-relation, his system exhausts the possible common-
tone preserving inversions for the (0258) tetrachord and allows variable numbers of moving or 
retained pitches.  Both features are desirable for defining analogous transformations on larger set 
classes.  The nomenclature is also general enough to allow expansion to other tetrachords as well 
as larger set classes.  Pentachords could involve inversions mapping pairs of notes or single 
pitches onto each other, with the member pitches labeled i, ii, iii, iv, v.  Hexachords would then 
18
17 These labels (as Gollin recognizes) are contextually defined based on a certain voicing of the chord: though he 
uses the root position dominant seventh chord to label his chord members (and to derive the three-dimensional 
tonnetz), other configurations and thus other correspondences between the labels and the resulting transformations 
are possible.
18 Ibid.: 198.
feature similar transformations on member pitches i-vi, and so on.  Though Gollin briefly 
mentions the possibility of applying his system to other tetrachords, he does explore any 
potential extensions to larger cardinalities, however.  
              Perhaps Gollin did not consider that possibility because of his views on the nature of 
contextual inversion.  In his article, he asserts that “the family of common-tone preserving 
contextual inversions of one set class is in general a different family of contextual inversions 
from any other.”19  He may thus have considered any possible analogous transformations on 
larger cardinalities to be too different from those he presents on (0258).  This is exactly the issue 
my dissertation seeks to address, however: despite differences in surface realization arising from 
the unique nature of each set class, there is in fact a single over-arching family of common-tone 
preserving contextual inversions encompassing the trichordal and tetrachordal transformations 
included here plus a wide variety of other operations.   
              A definition and nomenclature system for such a family would need to take into account 
the strengths and weaknesses of the approaches just examined.  To be equally applicable to all 
cardinalities of set classes, the definition of such a family must be flexible enough to account not 
only for the different structures of individual set classes but also different numbers and 
configurations of moving and retained pitches.  The nomenclature must be general enough to 
emphasize the shared process that links all of these common-tone preserving contextual 
inversions, while also being specific enough to distinguish between different members of the 
family.  Keeping in mind the insights gained from the preceding critiques of Straus 2011, Gollin 
1998, and Childs 1998, the next section will focus on a pentachordal transformation introduced 
19
19 Ibid.: 203.
in Lewin 1993 as a means of introducing a generalized theory of common-tone preserving 
contextual inversion with a nomenclature that fits the above stipulations.     
From Lewin’s J to My Jx
              As Philip Lambert notes in his 2000 article “On Contextual Transformations”, the 
diverse contextual inversions David Lewin draws on in his analyses often feature the 
preservation of common tones.  Lambert explains: 
              The configurations being associated are inversionally equivalent, and the key contextual 
              feature that relates them, the catalyst of transformation, is a set of common tones.  A 
              survey of other contextual transformations throughout Lewin’s work reveals that 
              invariance among inversional equivalences (in pitch or pitch-class space) is almost 
              always somehow involved.20
Despite noticing this distinctive trend, however, Lambert does not explore what implications his 
insight might have, nor has he or any subsequent scholar embarked on a systematic examination 
of all common-tone preserving inversions.  This is precisely the task I will now undertake, and 
Lewin’s work with contextual inversions on larger set classes provides an appropriate starting 
point for such an investigation. 
  Example 1.8.  Lewin 1993’s J applied to (01236)
              In Musical Form and Transformation (1993), Lewin introduces a contextual inversion J 
to facilitate his analysis of Stockhausen’s Klavierstück III.  That transformation (shown in 
20
20 Lambert 2000: 48.
Example 1.8) is defined in relation to set class (01236) upon which the work is based: “given a 
pentachord-form, J maps it into the unique form of the pentachord which inverts the given form 
and leaves invariant the four-note chromatic tetrachordal subset.”
21
  Lewin then uses J and T to 
diagram complexes of pentachord forms and shows how the music completes four passes within 
that network, thereby accounting for all of the pitches in the piece. 
              However, Lewin is clear to stress that J is contextually defined and only applies to the 
specific pentachord used in the work.  In the book’s Introduction, he explains that J is a variable 
that stands in for some contextual inversion relevant to a particular analysis.  He cautions: 
“readers should not attempt to carry over one meaning for ‘J-inversion’ into another context 
where ‘J-inversion’ is defined differently.”
22
  Additionally, at the beginning of the Stockhausen 
chapter, he states that “some of these transformations operate upon complete forms of the 
pentachord (0,1,2,3,6) but not upon other pitch-class sets, nor upon individual pitch classes.”
23
  
As the other transformations involved in his analysis are transpositions, one must assume he is 
referring here to J as only applicable to (01236).  This point is reinforced in the essay’s note 9: 
                 It is important to realize the Jn [for Lewin, Jn=TnJ)] are highly contextual operations; 
              they operate on P-forms only, not on other pcsets or on individual pitch classes.  This 
              feature of the Jn operations stands in sharp contrast to the In operations which can be 
              applied to any pcsets or to individual pitch classes.  We cannot apply the operation J0 
              (=J) to the individual pitch class Bb, for example; how are we to invert Bb into something 
              that preserves “the four-note chromatic tetrachordal subset” of the single resulting note?  
              Likewise, how are we to invert, say, a whole-tone scale “so as to preserve its chromatic 
              tetrachordal subset”?
21
21 Lewin 1993: 26.  
22 Ibid.: xiv.
23 Ibid.: 16.
              Though there is, of course, no way to invert a whole-tone scale so that a chromatic 
tetrachord is retained, one can deduce there may be some sort of corresponding operation that 
could be applied to that collection.24  In accord with his very specific definition of J, however, 
Lewin viewed the transformation as a tool that to be used fruitfully in that one situation but not 
something particularly relevant to other works.  He does not explore any further applications of 
that specific transformation, though his 2008 essay “Transformational Considerations in 
Schoenberg’s Opus 23, Number 3” features two comparable operations.  In a footnote to that 
analysis (which will be discussed in more detail below), Lewin mentions a similarity between the 
group structure created by the operations used there and that formed by J and T in the 
Stockhausen analysis, but he does not investigate any connection between the transformations 
themselves.25  
Example 1.9.  J applied to (01237)
              It is possible, however, to generalize J so it can apply to set classes other than (01236), 
thus greatly expanding the usefulness of the transformation and revealing the relationship 
between the contextual inversions used in Lewin 1993 and Lewin 2008.  In fact, the wording of 
Lewin 1993’s definition allows that J to act on a limited number of other set classes, namely 
those pentachords that also include a four-note chromatic subset: (01234), (01235), or (01237).  
22
24 Such transformations exist for subsets of the whole-tone scale, but the complete hexachord is in fact a special case 
where any such analogous operations only map the set onto itself.  
25 Lewin 2008: 221.
Example 1.9 shows J operating on the last of those set classes.  The chromatic tetrachord is 
retained in keeping with Lewin 1993’s definition of J, yet here the singleton moves by ic1 rather 
than the ic3 traversed when J acts on (01236).
26
  Despite that difference, the transformations are 
clearly related, and it is not difficult to imagine situations where recognizing J on one or more of 
the set classes listed above would be beneficial in highlighting a common process applied to 
different musical objects.  
Example 1.10.  J on (01246)  
              That process can be generalized still further: when one defines the transformation in a 
way that allows it to act on set classes not containing a chromatic tetrachord and on other 
cardinalities, a rich family of related operations is uncovered.  Such a definition is possible once 
one realizes that the symmetry inherent to the chromatic tetrachord is what allows (01236) and 
the other pentachords mentioned above to be subjected to Lewin 1993’s J.  For the four-note 
chromatic set to be preserved, the members of that subset must map onto each other (03 and 
12), leaving the singleton to invert onto a new note: in the case of (01236), 6 moves to 9.27  
Rather than describing J as requiring a chromatic tetrachord, one could instead view it as based 
on the inclusion of a four-note symmetrical subset.  J could then be applied to any pentachord 
23
26 This then is a common-tone preserving inversion that features parsimonious voice-leading: one voice moves by 
semitone while the others are retained.  Such transformations are analogous to P, R, and L in respect to both 
common-tone preservation and parsimony, and will be discussed more fully below.  
27 Such symmetry also enables the common-tone preserving inversions on trichords and tetrachords discussed above.
containing a symmetrical tetrachord: as seen in Example 1.10, a whole-tone tetrachord can be 
preserved in (01246) while the remaining note moves by ic4 to produce the J-inversion.
              To apply J to set classes of other cardinalities, two possibilities exist: retaining the 
condition that only one note maps onto a new pitch while modifying the subset requirement to 
admit groups of more or less than four pitches, or keeping the four-note stipulation and instead 
allowing for more than one pitch to move.  Both of these options will be incorporated into the 
expanded definition of J and the corresponding nomenclature proposed here.  Assuming only one 
moving note, the size of the symmetrical subset can be generalized to N-1, where N is the 
number of notes in the original set: a hexachord would thus preserve a symmetrical subset of five 
notes, a tetrachord of three notes, and so forth.  
              However, in some cases, it will be desirable to look at the preservation of a subset with 
fewer than N-1 notes, as when a hexachord retains a four-note symmetrical subset or a tetrachord 
a two-note subset (as seen in the Straus, Childs, and Gollin articles).  Rather N-1 notes, N-x 
notes can be retained while x pitch classes invert to new ones.  The moving voices will invert 
around whichever axis of inversion ensures the symmetrical subset’s self-mapping, and the 
symmetrical subset will appear invariant because the individual pitch classes will move to 
destinations already present within that subset.  J can thus be defined as follows: 
              Given a set of cardinality N, Jx refers to any contextual inversion wherein the pitch 
              classes of a symmetrical subset with cardinality N-x invert onto themselves while the 
              remaining x pitch classes invert around the same axis to new pitch classes.  
              Since x indicates the number of moving pitches, J1 thus will signify transformations 
where a symmetrical subset of N-1 notes is maintained, and one pitch moves to a new note; J2 
transformations where a symmetrical subset of N-2 notes is maintained while two pitches move; 
24
and so on.28  The identifier J will continue to be used in reference to the entire family of all 
common-tone preserving contextual inversions that also preserve set class, and Jx will refer to a 
given cardinality of J-inversions.      
              Though the foundation for the J-family as defined here is found in Lewin’s writings, my 
system marks a departure from Lewin’s nomenclature.29  In his system, J was redefined in each 
analysis; here, J will be used consistently to refer to this particular family of contextual 
inversions.  Additionally, Lewin uses J1 as a shorthand for T1J; in my system, Jx will indicate the 
number of moving notes, while TyJx will indicate a transposition of a J-operation.  That option 
will not be used with any frequency here, though, as transpositions of a certain Jx will typically 
be some other cardinality of J based on how many common tones are preserved.  The J6 Lewin 
describes in his Stockhausen analysis—now to be labeled T6J1—leaves invariant the minor third 
of (01236) and inverts the chromatic trichord around that pair of pitches (Example 1.11).30   In 
the context of the piece, the transformation is frequently composed out as J1 preceded or 
followed by T6, and the T6J1 label emphasizes that potential.  However, the transformation could 
also be considered an example of J3: three members of the set move to new pitches, while the 
two remaining pitches invert onto each other.  Context will dictate which label is more 
illuminating in any given situation.  
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28 J0 exists, but is an identity operation possible only on fully symmetrical set classes.  This will be useful in rare 
situations, one of which is found in Straus 2011’s discussion of Stravinsky’s In Memoriam Dylan Thomas.  In that 
analysis, Straus defines a contextual inversion K that maps an ordered set onto another ordering of itself by inverting 
around the set’s internal I-axis.  K is thus one case of J0 used in a fruitful way: by preserving the characteristic 
ordering of the series, the set in question can be mapped onto itself such that the two forms are distinguishable from 
one another.
29 Once the translation from Lewin’s nomenclature to mine is made, one can see his conclusions regarding the 
commutativity of T and Jx are still valid despite the generalization of J used here.  Additionally, Jx will be 
commutative with any other Jx or Jy performed on the same set class.
30 Lewin 1993: 29.
Example 1.11.  Lewin 1993’s J6: My T6J1 or J3
Example 1.12.  Lewin 2008’s J: J1 on (01346) preserving {1346} 
Example 1.13.  Lewin 2008’s K: J1 on (01346) preserving {0134}
              The “J” from Lewin’s Klavierstück III analysis now can be viewed as a specific instance 
of J1, a class that has a wide range of analytical applications and in fact includes the 
transformations used in Lewin 2008’s Schoenberg analysis mentioned previously.  There, Lewin 
analyzes Schoenberg’s Op. 23, No. 3 using two distinct transformations he labels J and K.  
Despite the shared moniker, the J in this situation is distinct from his earlier “J” as both it and K 
are contextually defined on pentachord (01346).  Lewin 2008’s J involves inverting a singleton 
around the {1346} octatonic tetrachord, while his K flips a pitch around the other octatonic set 
{0134}.31  These transformations are shown in Examples 1.12 and 1.13.  Again, though Lewin 
describes the groups formed by transposition with the J of his Stockhausen analysis and with the 
J and K of his Schoenberg analyses as analogous, he does not discuss any further relationship 
between the transformations.  Based on the expanded definition of J proposed here, the 
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31 Lewin 2008: 201 and 204.
connection between the different operations is now clear: all three preserve a symmetrical subset 
of N-1 notes around which a singleton inverts. These are all examples of J1, and that same basic 
transformation thus links the two works, despite the different compositional realizations caused 
by the varied set classes involved.  
A System of Nomenclature for the J-Family
              By choosing (01346) as his pentachord, Schoenberg tapped into a potential that 
Stockhausen’s (01236) did not offer: the ability of a single set class to be subjected to multiple 
different J1-transformations.  Such situations raise an important question regarding 
nomenclature.  Since any set class with more than one symmetrical subset of N-x notes will have 
the potential to be Jx-ed in more than one way, how should those transformations be 
distinguished?  Lewin chooses to label the transformations in his Schoenberg essay with distinct 
letters, thus highlighting the differences between the transformations.  However, this can quickly 
lead to confusion as the reader must remember what each arbitrary letter means in a given 
analysis, a situation that is further complicated when the author has used the same variables to 
name different transformations in other writings.  Simply referring to both transformations in the 
Schoenberg analysis as J1 will not be completely satisfying either, because of the differences 
between their aural result and their compositional usage.  A nomenclature that reveals the shared 
Jx-foundation while distinguishing between preserved subsets would thus be useful in situations 
such as that of Schoenberg’s Op. 23, No. 3.  
              A likely solution would be to show the preserved subset as a subscript.  This can be done 
in one of three ways depending on the context and one’s analytical aims: first, the subset can be 
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given in its prime form; second, it can be shown using pitch classes extracted from the original 
set’s prime form; and third, it can be presented as the actual pitch classes found in the music.  
When the subset is given in its prime form, parentheses will be used; when the subset is given as 
pitch classes taken from the original set’s prime form, curly brackets will be used instead; and 
when the subset is given in actual pitch classes, square brackets will be used.  Analytical 
discussions may be more likely to use the subset’s prime form or actual pitch classes, though 
context will indicate which of the possible labels is most appropriate.  The theoretical 
discussions included in this chapter, on the other hand, will tend to show the subset as pitch 
classes extracted from the main set’s prime form to emphasize the subset’s placement within the 
overall set and make the abstract arguments easier to follow.
              In the Schoenberg analysis, Lewin 2008’s K would thus be renamed J1(0134); no 
alternative label is available since the extracted pitch classes are identical to the subset’s prime 
form.  For consistency’s sake, however, one may choose to use curly brackets when discussing 
such transformations in the context of others labeled with pitch classes extracted from the 
original set’s prime form.  The J from that same essay, on the other hand, could be labeled as 
J1(0235) with the subset’s prime form shown or J1{1346} with the subset’s pitch classes taken from 
the main set’s prime form. The former emphasizes the octatonic nature of the tetrachord being 
preserved and would likely be employed in analyses that highlight the role of (0235) in the work.  
The latter instead highlights the relationship between the subset and the original set class, thus 
being more useful for discussions focused on the subset’s role in the main pentachord.  
              However, if a set class contains multiple instances of the same symmetrical subset class, 
a prime form subscript will no longer convey the necessary level of specificity to distinguish 
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between the corresponding J-inversions.  Labeling the transformations using pitch classes 
extracted from the total set’s prime form will provide such differentiation.  In her Quintet (2011), 
Zwilich subjects the hexachord (012479) to multiple forms of J2.  The first, used solely in 
movement II, is relatively straightforward in terms of nomenclature: this operation preserves the 
major-minor triad (0347), which occurs in the hexachord only as {0149}.  The labeling options 
are thus analogous to those given for J1(0235)/J1{1346} on (01346), and, again, context will indicate 
which is most appropriate.  Two additional types of J2 on the hexachord—shown in Example 
1.14—both preserve subset class (0257), which is found in (012479) as {0279} and as {2479}.  
To differentiate between those two forms of J2, then, one could label them as J2{0279} and J2{2479}. 
Naming the transformations in that way will be useful whenever distinguishing between reveals 
analytical insights not apparent when the labels J2 or J2(0257) are used, as is the case in this work: 
J2{2479} is featured prominently in the third movement between consecutive hexachords, while 
J2{0279} appears in both the second and third movements but only between non-adjacent 
hexachords. 
Example 1.14.  Two types of J2(0257) on (012479) in Zwilich’s Quintet, III
              It is important to remember, however, that the subscript numerals are coming from the 
prime form of the original set class.  They are thus an abstraction and do not necessarily 
represent pitch classes present in the actual music.  Though the examples given here 
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coincidentally preserve the exact pitches D-E-G-A for J2{2479} and C-D-G-A for J2{0279}, 
transpositions of these transformations would still retain the same subscript labels: J2{2479} would 
be used even if C-D-F-G or F#-G#-B-C# were the actual notes preserved by the operation, and 
J2{0279} would still apply when D-E-A-B, F#-G#-C#-D#, or any other T-level of the subset class 
were present.  I have chosen to label the transformation with abstract pitch classes extracted from 
the original set’s prime form to show the common process of retaining a specific instance of a 
certain subset class within the original set class.  
              Identifying J-inversions with the actual pitch classes of the preserved subset may be a 
preferable option in some situations, however.  At the very least, this could be useful as a 
preliminary step before the prime form of the retained subset is identified.  It could also assist in 
recognizing transpositional patterns acting upon a particular contextual inversion.  For example, 
a piece could feature the the J2{2479} transformation discussed above realized as J2[02479] (with 
actual pitches D-E-G-A as the retained subset), J2[469E], J2[7902], and then J2[9E24].  Labeling the 
transformations with the actual pitch classes present in the retained subset makes clear the 
composing out that occurs: the starting notes of the subsets involved spell out the first such 
subset, D-E-G-A.  For the most part, however, the other two options for naming J-inversions will 
be used here because of their generality.  
Example 1.15.  Three different types of J1(048) on (0148)
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              A further refinement to this system is necessary, however: there are some set classes for 
which multiple different Jx-operations preserve the same subset with different results.  This 
occurs when the subset contains multiple possible inversional axes.  For example, (0148) can be 
subjected to J1 by mapping the notes of (048) onto themselves with each of the three pitches 
serving as the axis of inversion: if 4 is the axis, 1 goes to 7; with 0 as the axis, the asymmetrical 
note moves to 11; and taking 8 as the axis maps 1 onto 3 (Example 1.15).  Three different 
possible types of J1(048) thus exist for (0148).  These transformations can be differentiated by 
showing the relevant inversional axis in bold, according to the following guidelines:
1. If the index number is even and only one of the axis notes is present, bold that pitch class. 
2. If the index number is even and both axis notes are present, then bold the pitch class with 
the lower numerical value.  
3. If the index number is odd and only one of the axis pairs is present, bold that pair.  
4. If the index number is odd and both axis pairs are present, bold the pair with the lower 
numerical value.
5. If no axis note or pair is present, bold the lowest pair of adjacent pitch classes that map 
onto each other.  
According to the first guideline, the three types of J1(048) can thus be labeled as J1(048) when 4 is 
the axis of symmetry, J1(048) when 0 is the axis, and J1(048) when 8 is the axis.  
              The second guideline comes into play with J-inversions around a subset like (0369), 
which has four possible axes of inversion: I0, which maps 00, 66, and 39; I3, which maps 
03 and 69; I6, which maps 33, 99, and 06; and I9, which maps 09 and 36.  The 
second guideline applies to I0 and I6; since the index numbers are even and both axis notes are 
present, Jx for these axes would be labeled Jx(0369) and Jx(0369).  The two remaining types of Jx 
around (0369)—I3 and I9, both of which have an odd index number and neither of which include 
their respective axis notes—demonstrate how the fifth guideline functions.  Labeling the 
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transformation around the I3 axis as Jx(0369) and I9 as Jx(0369) shows the appropriate inversional 
mappings, despite the absence of the actual pitch axis in the tetrachord. 
              The hexatonic collection (014589) requires the application of guideline three.  Since this 
hexachord has three possible axes of inversion, any Jx preserving this set class will come in three 
varieties.  Each has an odd index number based on which semitone pair is acting as the axis of 
inversion—I1, I5, or I9—and only one of the two pairs of axis notes is present in each.  The 
semitone axis can be bolded in each subscript, so the three types of Jx around (014589) thus 
would be: Jx(014589), Jx(014589), and Jx(014589).  
              J-inversion around (0167) provides examples relevant to guideline 4 (and 5 as well).  
That tetrachord has two possible axes, each with an odd index number and thus represented by 
two pairs of pitch classes: 01 with 67 (I1) and 34 with 910 (I7, which maps 07 and 
16).  Both axis-pairs are present for I1, while neither is present for I7.  Guideline 4 indicates 
that the axis pair with the lower value (for consistency’s sake) will be indicated in bold, so the Jx 
matching I1 would be labeled Jx(0167).  The Jx manifesting I7 would be Jx(0167) according to 
Guideline 5.  
              The system of nomenclature described above and summarized below in Example 1.16 is 
designed to account for the extreme variety of possible situations involving Jx-transformations.  
Not all of those circumstances will be encountered on anything resembling a regular basis, 
however, and future analysts may find convincing musical reasons for deviating from the labels 
suggested in this chapter.  Certainly, context will always determine what level of specificity and 
what type of information is necessary or desirable when labeling J-inversions in a given analysis.  
The system proposed here is thus flexible enough to allow for a wide range of possible
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Label Usage
J • refers to the entire family of Jx-transformations
Jx • refers to a specific cardinality of J-inversions where x notes are moving
Jx(pqrs) • refers to a specific Jx-transformation that maps subset class (pqrs) onto itself
• shows the subset class in its prime form
• used to show the relationship between that transformation and other instances of 
(pqrs) 
• also used when the pitch classes’ presentation in the main set is identical to the 
subset’s prime form 
Jx(pqrs) • refers to a specific Jx-transformation that maps subset class (pqrs) onto itself, 
with the bold note as the axis of inversion
• used if the same subset class has multiple possible inversional axes
Jx(pqrs) • refers to a specific Jx-transformation that maps subset class (pqrs) onto itself, 
with the notes of the bold-face dyad mapping onto each other
• used if the same subset class has multiple possible inversional axes
Jx{tuvw} • refers to a specific Jx-transformation that maps subset {tuvw} of a set class with 
a prime form involving tuvw and other pitch classes—for example, (atubvw)—
onto itself
• shows the subset as pitch classes extracted from the main set’s prime form
• used if multiple instances of the same subset class occur in the main set 
Jx{tuvw} • refers to a specific Jx-transformation that maps subset {tuvw} of a set class with 
a prime form involving tuvw and other pitch classes onto itself, with the bold 
note acting as the inversional axis
• used if the same subset class has multiple possible inversional axes
Jx{tuvw} • refers to a specific Jx-transformation that maps subset {tuvw} of a set class with 
a prime form involving tuvw and other pitch classes onto itself, with the bold 
notes showing the inversional mapping 
• used if the same subset class has multiple possible inversional axes
Jx[abcd] • refers to a specific Jx-transformation that maps subset [abcd] onto itself
• shows the subset using the actual pitch classes present in the music
• used to clarify discussions of particular J-inversions in an analysis
• also used as a preliminary step in identifying the more general categories of Jx-
inversion listed above
Example 1.16.  Labeling J-inversions
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applications while avoiding the arbitrariness of utilizing variables to name each individual 
transformation. 
Determining the J-able Set Classes
              The above discussion has focused on J as a transformation, yet its use as such relies on 
certain set classes’ inherent potential to be J-ed.  The next portion of the chapter will be 
dedicated to determining the distinct J-inversions that can be applied to each set class and the 
corresponding degree of J-ability for those classes.  By distinct J-inversions, I mean those 
transformations that produce a unique resulting pitch-class set.  Since I am focused on pitch 
classes, those inversions that reproduce either the original set or a set that results from a J-
inversion with fewer moving voices will not be included in the lists of distinct J-inversions given 
in the Appendices.  (However, in music where pitch is more important than pitch class, analytical 
situations may arise where it will make sense to employ some of those non-distinct 
transformations.)
              In the most basic sense, J-ability depends on the presence of one or more symmetrical 
subsets of N-x pitch classes, a measurable property that can be calculated for all set classes at 
each value of x.  The first step in determining potential J-inversions is thus to find which set 
classes contain smaller symmetrical sets (see Appendix 1 for a list of symmetrical set classes of 
cardinalities 3-9).  However, determining which set classes contain one or more symmetrical 
subsets will merely eliminate those set classes that have no symmetrical subsets and thus are 
strictly un-J-able (see Appendix 2 for a list of those set classes).  That step will not fully indicate 
which J-inversions are possible, nor will it discount those J-inversions that are not distinct.        
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              To compile a complete list of Jx-operations, then, one must find all instances of each 
symmetrical subset contained within each set class and all axes of inversion for those subsets.  
As mentioned above, some set classes will include multiple instances of the same subset class: 
for example, the (012479) used in Zwilich’s Quintet contains set class (0257) as both {0279} and 
{2479}.  Additionally, certain symmetrical subsets will have multiple axes of inversion, and thus 
their encompassing sets can be Jx-ed in multiple ways even when preserving the same subset.  
Set class (01369), for instance, contains the symmetrical tetrachord {0369}, but depending on 
the axis of inversion, the singleton can be J1-ed to four different destinations: 111 for I0, 12 
for I3, 15 for I6, or 18 for I9.  An exhaustive list of Jx transformations must include all four 
of those inversions.  Such a list will thus contain additional possibilities not revealed by a basic 
taxonomy of symmetrical subset classes for each set class.  
              On the other hand, not all of the potential J-inversions on that expanded list will be 
distinct; some will only produce an identity or will merely duplicate the results of a lower 
cardinality J-inversion.  While the whole-tone scale at first appears to be highly J-able, any 
common-tone preserving inversion will only map all of the notes back onto the original 
collection, so no distinct J-inversions will be possible.  This will in fact happen with all of the set 
classes that evenly divide the octave: the tritone, the augmented triad, the fully diminished 
seventh chord, the whole-tone scale, and the complete chromatic collection.   
              Identity-producing J-inversions are characteristic of symmetrical set classes, and those 
that do not evenly divide the octave may produce an identity for certain transformations but not 
for others.  Take (012348) as a case in point; Example 1.17 lists the various possible J1-J4 on 
that set class, including the preserved subset, the pitch classes of the moving notes and the
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Subset Moving PC(s) Resulting PC(s) Distinct?
01234 8 8 No: Identity
01348 2 2 No: Identity
0123 4, 8 E, 7 Yes
0134 2, 8 2, 8 No: Identity
0248 1, 3 3, 1 No: Identity
1234 0, 8 5, 9 Yes
1238 0, 4 4, 0 No: Identity
012 3, 4, 8 E, T, 6 Yes
024 1, 3, 8 3, 1, 8 No: Identity
048 1, 2, 3 E, T, 9 Yes
048 1, 2, 3 3, 2, 1 No: Identity
048 1, 2, 3 7, 6, 5 Yes
123 0, 4, 8 4, 0, 8 No: Identity
138 0, 2, 4 4, 2, 0 No: Identity
234 0, 1, 8 6, 5, T Yes
01 2, 3, 4, 8 E, T, 9, 5 Yes
02 1, 3, 4, 8 1, E, T, 6 No: J4=J3{012}
03 1, 2, 4, 8 2, 1, E, 7 No: J4=J2{0123}
04 1, 2, 3, 8 3, 2, 1, 8 No: Identity
08 1, 2, 3, 4 7, 6, 5, 4 No: J4=J3{048}
12 0, 3, 4, 8 3, 0, E, 7 No: J4=J2{0123}
13 0, 2, 4, 8 4, 2, 0, 8 No: Identity
14 0, 2, 3, 8 5, 3, 2, 9 No: J4=J2{1234}
18 0, 2, 3, 4 9, 7, 6, 5 Yes
23 0, 1, 4, 8 5, 4, 1, 9 No: J4=J2{1234}
24 0, 1, 3, 8 6, 5, 3, T No: J4=J3{234}
28 0, 1, 3, 4 4, 3, 1, 0 No: Identity
28 0, 1, 3, 4 T, 9, 7, 6 Yes
34 0, 1, 2, 8 7, 6, 5, E Yes
38 0, 1, 2, 4 E, T, 9, 7 Yes
48 0, 1, 2, 3 0, E, T, 9 Yes
Example 1.17.  All possible J1-J4 on (012348) 
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resulting notes, and an indication of whether or not the transformation is distinct.  While some of 
the transformations on this hexachord are distinct, many produce identities, and some of the J4-
inversions are identical to J3- or J2-inversions. 
              Neither identities nor redundant transformations will be included on the list of viable J-
inversions given in the Appendices, and each set class’s J-ability will be weighted to reflect the 
distinct Jx only.  For example, the unweighted J1-ability for (012348) is 2, while the weighted 
value is 0 since those J1s only produce identities.  Similarly, the J2-ability would have a raw 
value of 5, which would then be lowered to 2 when the identities are eliminated; the J3-ability 
would start with a unweighted value of 8, which would be weighted to 4; and the J4-ability 
would be reduced from 16 to 6 once the identities and redundancies are removed. 
              Redundant transformations, like those seen on (012348), arise when notes outside the 
symmetrical subset are balanced around that subset’s inversional axis and thus map onto 
themselves, rendering a certain Jx-operation identical to one with a smaller number of moving 
notes.  Such cases will be referred to as Jx=Jy.  Like identities, these situations fail to produce 
distinct J-inversions at certain values of x, so the Appendices will only list the J-inversion with 
the lowest value of x for any group of equivalent transformations.32  Analytical situations may be 
found, however, where order, register, or other factors could make interpreting the transformation 
as a higher value Jx appropriate.   
              Jx=Jy situations will occur when one of the “moving” notes is the axis of inversion or 
when one or more pairs of such notes are balanced around the axis of inversion.  The former 
situation can be seen in J2{02} on (012348): 1 is the axis of inversion and thus maps onto itself, 
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32 Though identities and Jx=Jy are discussed separately here, identities do belong to the latter category.  In those 
situations, Jx is equivalent to J0.  
leaving only three moving pitches and making this transformation identical to J3{012}.  Similarly, 
J4{03} on that hexachord maps 4 onto 11 while 1 and 2 invert onto each other (since that semitone 
is the axis of inversion); only two voices move to new pitches, and the J2-inversion thus 
reproduces the result of J2{0123}.  While those two added common tones were the semitonal axis 
of inversion, it is also possible to have other balanced pairs map onto each other, producing 
Jx=Jy.  For example, J4{23} on (01234) features 1 and 4 mapping onto each other and thus is 
identical to J2{1234}.  
              Additionally, Jx=Jy will always arise whenever there are more moving notes than 
available destination pitches.  With N=11, all distinct J1 operations produce the same resulting 
pitch, namely the one that completes the chromatic collection.  All J2 and up on cardinality 11 
will either be equivalent to J1—as one voice moves to the missing chromatic note and the other 
inverts onto itself—or will be identity operations.  Unless order is taken into account, there are 
no distinct Jx-operations for x>1 when N=11.  The same holds true for x>2 at N=10, x>3 at N=9, 
and so on.  Essentially, there will be no distinct Jx whenever x exceeds 12-N.  When x equals 12-
N, any distinct Jx-transformations will always involve the moving notes filling in the chromatic 
collection, as mentioned above in relation to N=11.  Though all J(12-N) on a certain set class will 
produce the same resulting pitch(es), they will be included on the weighted J-lists whenever they 
are distinct transformations.  
              As the above discussion implies, not all values of x are applicable to or useful for all 
cardinalities.  Two factors affect which x are relevant for each N (and vice versa): first,  the 
relationship between the number of pitches in the symmetrical subset and those in the original 
set; and second, the relationship between the number of moving notes and the number of 
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available pitches in the chromatic collection.  Certainly, no situation can exist in which x>N, as 
that would require more moving notes than there are pitches in the set.  If x and N are equal, all 
of the members of the original set are considered part of the symmetrical subset and a J0 self-
mapping will occur.  A list of J0-able set classes is simply the list of symmetrical set classes 
given in Appendix 1.  J-inversions when N=x+1 will exist for all set classes of cardinalities 2 
through 12, as any such collection can be inverted around one of its notes (though such 
transformations may be identities or Jx=Jy).  While analytical situations do exist where it makes 
sense to label a transformation as J(N-1), data for such transformations is not included here.  
Similarly, aside from trichordal J2, none of these will be discussed further in a purely theoretical 
context.
Subset Moving PC(s) Resulting PC(s) Distinct?
0156 3 3 No: Identity
036 1,5 5,1 No: Identity
135 0,6 6,0 No: Identity
01 3,5,6 T,8,7 Yes
03 1,5,6 2,T,9 Yes
05 1,3,6 4,2,E Yes
06 1,3,5 E,9,7 Yes
06 1,3,5 5,3,1 No: Identity
13 0,5,6 4,E,T Yes
15 0,3,6 6,3,0 No: Identity
16 0,3,5 7,4,2 Yes
35 0,1,6 8,7,2 Yes
36 0,1,5 9,8,4 Yes
56 0,1,3 E,T,8 Yes
Example 1.18.  All J1-J3 on (01356)
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              J(N-2) will be similarly common: any set class of cardinality 3 or above is theoretically 
capable of being inverted around each of its constituent dyads.33  Though some of these 
operations may be identities or Jx=Jy and thus not distinct, set classes tend a higher degree of J-
ability at this level.  Cardinalities 3-6 and 9 all have their highest J-ability at J(N-2).34  In fact, set 
classes will produce distinct transformations here if nowhere else.  Set class (01356) provides a 
good example of this phenomenon: the three possible types of J1 and J2—J1{0156}, J2{036}, and 
J2{135}—all produce identities, yet distinct J-inversions are found at all J3 except for J3{06} and 
J3{15} (Example 1.18).  The weighted J-ability for this set class is as follows: J0=1 (since it is 
fully symmetrical), J1=0, J2=0, and J3=9.  J(N-2) is thus by far the most common cardinality of 
J-inversion available for (01356).  This trend will hold for most other set classes, as can be seen 
in the weighted J-ability list of Appendix 3.35  
              J(N-2) are the largest type of J-inversion where more than one note is retained as a 
common tone and thus will limit which cardinalities of Jx are significant for each cardinality of 
set class.  Here, the number of notes in the original set must be greater than or equal to two more 
than the number of moving notes (or more simply, Nx+2).  The relevant Jx for trichords will 
only include J1, tetrachords up to J2, etc.36  Or, to view this situation from the opposite angle, J1 
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33 Aside from (or complementary to) his interest in retrograde-inversional chaining, Straus may have chosen to parse 
tetrachords into two pairs of dyads precisely because such transformations could be applied to all set classes of 
cardinality 3 or above.
34 Sets of cardinality 7 tend to have their highest J-ability at J3, which is the same as J(N-4).  Sets of cardinality 8 
vary much more widely in the location of their highest degree of J-ability.
35 The main exceptions are set classes that are subsets of those that evenly divide the octave.  With such collections, 
the number of pitches remaining in the even division of the octave will limit the possible J-inversions, not the 
number of pitches available in the chromatic collection.  For example, (02468) has a J1-ability of 5, but weighted J2- 
and J3-abilities of 0.  That pentachord is a subset of the whole-tone scale, missing only one pitch from the even 
division of the octave.  When that set class is subjected to J1, the moving note will always complete the whole-tone 
collection.  With more than one moving note, one voice will complete the whole-tone scale while the other(s) will 
invert onto a destination already present in the original set.  
36 Though data will not be given for trichordal J2, that subject will be discussed below in relation to P’, R’, and L’.
will start with trichords, J2 tetrachords, J3 pentachords, and so on.  Though all dyads are also 
theoretically J1-able, that data will not be included as dyads never fulfill the requirement that 
Nx+2.  Essentially, each time x increases by 1, the smallest set class cardinality capable of the 
previous Jx will be removed from consideration. 










Example 1.19.  Relevant Jx for each cardinality of set class (x+2N12-x)
              The second element that limits which values of x are relevant for a given N is the 
number of available pitches within the chromatic collection.  If there are more moving voices 
than are missing from the total chromatic, one or more pitch classes will map onto themselves or 
each other to produce either an identity or Jx=Jy.  Therefore, x cannot exceed 12-N.  Based on 
that requirement and the previous stipulation that the symmetrical subset must contain at least 
two notes, the range of possible values for x is constrained by the following condition: x
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+2N12-x.  Example 1.19 summarizes the resulting correspondence between values of N and 
the potentially useful Jx. 
              While it is possible to calculate lists of all the possible J-inversions up to J5 for the 
appropriate cardinalities, not all of that data is included in the Appendices to this dissertation.  As 
the value of x increases, so too does the potential for J.37  By far, the largest number of strictly 
un-J-able set classes are not J1-able: forty-two set classes cannot be subjected to J1, compared to 
one each for J2 and J3.  All set classes of cardinality 6-8 can be subjected to J4, and all 
septachords have the potential for J5 (though, again, some of these may be identities or Jx=Jy).  
Though the number of non-distinct transformations also increases with x, greater numbers of 
distinct J-inversions are still found at the higher cardinalities of Jx.  As J-ability becomes more 
common, use of Jx becomes less notable, and the data for higher values of x becomes less 
valuable.  Additionally, the lists become extremely long, so the decision to include only a 
sampling of the information was also influenced by space considerations.  
              The data presented in the Appendices represents what I feel is the most immediately 
applicable and useful information, establishing the framework for the J-family and providing a 
foundation for future research.  A list of weighted J-abilities for J1-J5 is included as Appendix 3, 
and lists of all distinct J1- and J2-inversions with their corresponding voice-leading information 
are included as Appendix 4A-B.  The complete list of weighted J-abilities will give the reader a 
sense of how common different cardinalities of J-inversion are for the various set classes.  The 
subsequent voice-leading charts could be useful for determining if a certain composer is 
choosing transformations that involve voices moving by certain characteristic intervals.  They 
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37 This can be seen by viewing the weighed J-ability list in Appendix 3.
also allow one to see which transformations are most or least parsimonious.  A list of all 
parsimonious J1-inversions can be found in Appendix 5.
Parsimonious J-inversions
              As mentioned at the beginning of the chapter, common-tone retention and parsimonious 
voice-leading represent two main concerns of neo-Riemannian theory.  The former is clearly a 
defining feature of the entire J-family, while the latter arises only with particular transformations. 
This raises the question of which set classes can be subjected to parsimonious J-inversions and 
which specific J-inversions are parsimonious for those set classes.  However, the answers to 
those questions depend on what precisely one means by “voice-leading parsimony”: though this 
issue has been skirted so far, that definition is not, in fact, universally agreed upon.  
              Jack Douthett and Peter Steinbach’s 1998 article “Parsimonious Graphs: A Study in 
Parsimony, Contextual Transformations, and Modes of Limited Transposition” state that “the 
definition of parsimony is still evolving and, at present, not completely consistent.”38  That 
statement is no less true today.  Though some divergent theories have been introduced—for 
example, Cook 2005 defines parsimony as requiring the preservation of two common-tones 
without regard for the distance traveled by the third voice—most definitions of parsimonious 
voice-leading assume at least one common tone while allowing for motion by step in one or 
more voices.  Various measures for identifying the number of voices moving by ic1 and ic2 have 
been suggested, such as Douthett and Steinbach’s Pm,n-relation (where m is the number of voices 
moving by ic1 and n is the number of voices moving by ic2) and Childs’s Pn-relation discussed 
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38 Douthett and Steinbach 1998: 243.
previously.  Similarly, a number of related terms have been introduced to clarify some of the 
phenomena grouped under the heading of parsimony: Cohn’s maximal smoothness, for example, 
refers to voice-leadings where “only one voice moves, and that motion is by semitone.”39 
              Voice-leading data like that given in Appendix 4A-B can be used to show which J-
inversions fulfill various definitions of voice-leading parsimony.  A list of all J1-inversions with 
a voice-leading distance of ic1 or ic2 is given in Appendix 5.  There are thirty-four maximally 
smooth J1-inversions.40  These transformations occur whenever the moving note is one of the 
two pitches in a semitonal axis of inversion.  Flipping a given pitch around any axis of inversion 
will produce a voice-leading motion equal to twice the distance from that pitch to the axis.  A 
voice-leading motion of ic1 can only occur if the origin pitch and its destination are the axis pair, 
and that only happens in sets of odd cardinalities: such set classes contain symmetrical subsets of 
N-1 notes that are of even cardinality and thus have semitonal axes of inversion.  Even 
cardinality sets will have N-1 subsets of odd cardinality, which must have single-pitch axes of 
inversion.  J1-inversion on even cardinality sets thus cannot produce ic1 voice-leadings.  Motion 
by ic2, however, will occur in a J1-inversion whenever the moving pitch is a half-step away from 
the single pitch axis of inversion.  This can be found on both even and odd cardinality set classes, 
and sixty-six J1-inversions feature motion by whole step.  
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39 Cohn 1996: 15.
40  These are the P1 J1-inversions in Childs’s nomenclature or the P1,0 J1-inversions in Douthett and Steinbach’s 
system.  J1-inversions where one voice moves by ic2 are the P0,1 J1-inversions of Douthett and Steinbach’s 
nomenclature.  Any Jx where all of the moving voices travel by semitone will be examples of Childs’s Pn  (where n 
= x) or Douthett and Steinbach’s Pm,n (m=x and n=0).   The latter system can also be used to label any Jx where the 
voices move solely by whole-step (m=0 and n=x).
Subset Inversional Mapping Alternate Voice-leading
Moving Voices Distances Parsimony Moving Voices Distances Parsimony
03 21, 78 1, 1 Strict 28, 71 6, 6 None
07 25, 34 3, 1 None 24, 35 2, 2 Apparent
23 05, 7T 5, 3 None 0T, 75 2, 2 Apparent
27 09, 36 3, 3 None 06, 39 6, 6 None
37 0T, 28 2, 6 None 08, 2T 4, 4 None
Example 1.20.  Distinct J2-inversions on (0237)  
              With more than one moving pitch, a new complication arises: parsimony can be 
produced by the actual J-inversion or can arise through a more efficient voice-leading that does 
not match the precise inversional mapping.  The first situation will be referred to as strict 
parsimony, while the latter will be called apparent parsimony.  Set class (0237) provides a clear 
example of the difference (Example 1.20).  Inverting around {03} produces a strictly 
parsimonious transformation, where 2 moves by semitone to 1 and 7 moves by the same distance 
to 8.  None of the other inversional mappings produce a voice-leading where both pitch classes 
move by ic1 or ic2.  However, parsimonious musical realizations can be created for two of the 
transformations by pairing the moving notes in an alternate way.  In J2{07}, the inversional 
mapping has 2 moving to 5 and 3 to 4.  The opposite pairing would feature 2 moving to 4 and 3 
to 5, creating an apparently parsimonious P0,2 motion.  Similarly, J2{23} maps 0 onto 5 and 7 onto 
10, but a composer could realize this as 0 moving to 10 and 5 moving to 7.  The two remaining 
J2-inversions on (0237) are neither strictly nor apparently parsimonious.41  That set class thus 
supports non-parsimonious J2s as well as apparently and strictly parsimonious ones.  
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41 One other J2 exists for this set class—J2{02}—but that transformation is an example of Jx=Jy.  The 7 inverts onto 
itself as a third retained tone, making that inversion equivalent to J1{027}.  J2{02} is thus not a distinct transformation.
              As with J1, there are certain conditions necessary for strict parsimony to be produced by 
a J2-inversion.  With two moving voices, this can be produced in one of two ways, depending on 
whether the axis of inversion is a single pitch or a semitonal dyad.  With a single-pitch axis, a 
P0,2-relation will be produced if the two moving voices are each ic1 away from a different one of 
the tritone-related axis pitches.  For example, J1{06} on (0156) involves the motion of 1 and 5 to 
11 and 7 respectively: 1 is a semitone away from the axis pitch 0, allowing for a total voice-
leading motion of ic2; similarly, 5 is a semitone away from the tritone-related axis pitch 6, again 
allowing for a voice-leading distance of two half-steps.  With a semitonal axis, a P2,0-relation will 
arise when the two moving voices each belong to a different one of the axis pairs.  This can be 
seen in relation to J2{04} on (0347).  In order to invert 0 and 4 onto each other, the inversional 
axis must be the semitones 2/3 and 7/8.  The moving pitches are 3 and 7, each of which belong to 
a different one of the axis pairs.  As they complete the J2-inversion by switching to their 
semitone mates, they each travel by ic1 in a parsimonious voice-leading.  
              The only possible strictly parsimonious J-inversions are those examples of J1 and J2 
where one voices moves by semitone or whole-tone, two voices move by semitone, or two 
voices move by whole tone under the conditions outlined above.  No transformations where one 
voice moves by semitone and the other by whole tone are possible, nor are any where more than 
two voices move.  Beyond J2, no strictly parsimonious J-inversions are distinct: in order for the 
moving voices to be located close enough to the inversional axis to allow for motion by ic1 or 
ic2, groups of more than two moving pitches will necessarily produce Jx=Jy transformations or 
even identities.  However, apparently parsimonious J-inversions are relatively common for J2-J5. 
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              J-inversions where the moving voices progress by ic1 or ic2—either strictly or 
apparently—are analogous to the triadic transformations P, R, and L in respect to both of their 
significant characteristics: common-tone preserving inversion and parsimonious voice-leading.  
These transformations may be of particular interest for those theorists and composers focused on 
minimal-work voice-leadings.  For the most part, however, this dissertation will not focus on 
these parsimonious J-inversions.  Instead, the entire family of J-inversions will be viewed as 
analogs to the triadic P, R, and L because of their shared nature as common-tone preserving 
contextual inversions.      
Conclusion: J as an Extension of the Neo-Riemannian Transformations
                To come full circle, the neo-Riemannian transformations that served as the starting 
point for the chapter can now be reinterpreted in terms of the framework introduced here. 
Generally, P, R, and L will be J1 and the obverses will be J2, but this is not always true.  
Returning to the problematic (016) example given earlier:  
• P inverts around the largest interval {06}, so [016][056]; now labeled J1{06}
• R inverts around the medium interval {16}, so [016][167]; now J1{16}
• L inverts around the smallest interval {01}, so [016][701]; now J1{01}
• P’ inverts the largest interval around the singleton {1}, so [016][812]; now J2{1}
• R’ inverts the medium interval around the singleton {0}, so [016][6E0]; now J1{06}
• L’ inverts the smallest interval around the singleton {6}, so [016][6E0]; now J1{06}
The trichord thus has four distinct forms of J1—one corresponding to each of the non-tritone 
dyads and two corresponding to each of the tritone’s two possible inversional mappings—and 
only one distinct J2.  Using bold-face to show the inversional mapping allows differentiation 
between the two types of J1 that preserve the tritone, and moving away from the R’ and L’ labels 
removes the problem of two different labels referring to the same transformation. 
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              The nomenclature proposed above for the J-family also solves the problem with 
trichords that do not have three discrete interval sizes, such as (024).  Under the PRL system, 
inversions around either whole tone would be considered L (since that is the smallest interval 
present), and there would be no way to distinguish between the transformations based on their 
label.  The system advocated here provides such differentiation: the two operations would be 
J1{02} and J1{24}.42  Additionally, the fact that only two interval sizes exist—and thus R does not
—is no longer problematic.  Essentially, the J-framework removes the condition for three 
discrete interval sizes while retaining the common-tone preserving inversion of the PRL 
paradigm.  
              J can thus be applied to larger set classes with variable numbers of moving notes.  The 
previously discussed tetrachordal transformations by Straus, Childs (the S’s only), and Gollin all 
belong to the J-family, as do the larger transformations from Lewin 1993, 2008, and many of his 
other analyses.  Additionally, the ad hoc approach to pentachords that Straus 2011 employs can 
be also reinterpreted in terms of J.  The framework presented in this chapter thus incorporates a 
number of transformations from the theoretical literature and introduces related contextual 
inversions not previously discussed.  Despite their absences from theoretical accounts, however, 
such transformations can easily be found in twentieth- and twenty-first-century music.  The next 
two chapters will explore some of the ways J-inversions have been used in actual repertoire, 
specifically works by Ellen Taaffe Zwilich.
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42 If an analytical situation demanded one highlight the similar nature of these transformations, one could identify 
them both as particular instances of J1(02), where one note flips around a whole tone.  This would allow the analyst to 
emphasize the relationship between these transformations and similar ones on (025) and (026), for example: J1(02) 
exists for all of those set classes, the only differences being the relationship of the singleton to the whole tone and 
the distance that note travels.
Chapter 2: Individual J-Inversions
 The second and third chapters have a dual purpose: to show some of the ways J can be 
used musically, and in doing so, to also demonstrate how J intersects with various previously 
defined contextual inversions and other theoretical concepts.  An overview of the ways 
individual J-inversions can be presented will be given in this chapter, while the possibilities for 
combining J-inversions will be explored in the next.    
Unordered Presentations of J: Non-Overlapped
 Various parameters are involved in the presentation of a J-inversion, the two most 
generalizable being the order of the pitches and the presence or absence of overlapping on the 
musical surface.  In an ordered presentation, a single interval string—or a pair of such strings 
that are equivalent under the canonic serial permutations—governs both J-related sets.  These 
include transformations from the literature such as retrograde-inversional chains, MUCH, and 
others to be discussed later in the chapter.  Unordered presentations where each of the J-related 
sets manifests its own unique interval string are less easily categorized.  These include the neo-
Riemannian P, R, and L as well as the related contextual inversions proposed by Straus, Childs, 
Gollin, and Lewin discussed in Chapter 1.  The defining characteristics for each of those 
transformations stemmed from the nature of the set class involved and the symmetrical subset 
around which it inverted; those distinctions became less important when the inversions were 
grouped into the J-family.  
 Both unordered and ordered presentations of J may be overlapped, where the actual notes 
of the preserved subset are simultaneously members of both larger sets; or, they may be non-
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overlapped, where the pitches of the subset are repeated in the second set and thus may be 
distinct in their registration, timbre, or other surface characteristics.  Some transformations are by 
their very definition one or the other: retrograde-inversional chains and MUCH, for example, are 
always overlapped, while BIND is not overlapped.  Others—particularly those that are unordered
—may be either overlapped or non-overlapped depending on the composer’s goals.
Example 2.1.  Non-overlapped J1-related (0135679)s in Zwilich’s A Poem for Elliott: 19-26
 Non-overlapped, unordered presentations of J are the most flexible as their only 
constraint is the motion created by the inversion.  The sets involved may be any combination of 
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melodic and/or harmonic; they may agree or disagree in rhythm, total durations, timbre, register, 
or other such characteristics; and they may occur consecutively or non-consecutively.  An 
instance of the latter can be seen in mm. 19-26 of Zwilich’s piano work A Poem for Elliott 
(2007), given here as Example 2.1.  The first three bars of the excerpt present the septachord 
[24568TE], while the J1-related set [E024568] determines the pitch content in the second half of 
mm. 22 through the end of the passage.  Both feature clear melodies in the right hand over 
similar (but not identical) chordal patterns in the left, but no common interval string links the two 
presentations. 
 Additionally, the two sets are separated in time, interrupted by a descending figure first 
heard in mm. 1-2 (and discussed later in relation to that appearance).  Any non-consecutive J-
related sets will by necessity be non-overlapped.  Although these two occur in close proximity, it 
is also possible for greater amounts of intervening material to be found between sets.  In such 
situations—for example, in the second movement of Zwilich’s Quintet (2011), which will be 
analyzed in Chapter 4—the J-related sets can sometimes act as a underlying skeleton tying 
together large sections of music.
Example 2.2.  J4-related diatonic collections in Zwilich’s String Quartet No. 2, IV: 59-63
 It is also, of course, possible for non-overlapped J-related sets to be presented without 
any intervening material between them.  Example 2.2 shows the first violin line from Zwilich’s 
String Quartet No. 2, IV: 59-63.  The first three bars express the A Phrygian scale, while the final 
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measure shifts to AM.  These two collections are related by J4: the notes A, D, and E form the 
symmetrical trichord (027) and are common to both sets, while the remaining four pitches invert 
around them.  Though the scalar runs in mm. 60-61 and m. 63 are in fact related by retrograde-
inversion (and thus those fragments could be viewed as ordered and non-overlapped), the 
complete presentations of the sets do not share a common ordering.  
 The issue of overlap is slightly more complicated: while I have shown the sets as non-
overlapped in Example 2.2, the A on beat 1 of m. 63 could be included in both the first and 
second sets.  Whenever one or more shared notes are repeated to start the second of two J-related 
sets, such ambiguity will occur.  Ultimately, however, the decision of whether or not to show the 
overlap has no real implications for the analysis of this passage, as will generally be the case.  














1, 6 7, 2 +2#
0, 5 4, E -2#
1, 6, 8 2, 9, 7 +3#
0, 5, T 9, 4, E -3#
1, 3, 6, 8 9, 7, 4, 2 +4#
0, 3, 5, T 2, E, 9, 4 -4#
1, 3, 6, 8, T 4, 2, E, 9, 7 +5#
0, 3, 5, 8, T 7, 4, 2, E, 9 -5#
1, 3, 5, 8, T E, 9, 7, 4, 2 +/-6#
Example 2.3.  J-inversions on the diatonic collection
Theoretical Tangent: J on Scalar Collections
 This example highlights J’s potential to enact a change of mode or modulation on the 
diatonic collection.  As shown in Example 2.3, there are eleven distinct J-inversions possible on 
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set class (013568T).  Since it is not possible to have diatonic collections related by fewer than 
two common tones, these changes of mode and modulations will range from J5 to J0, the latter of 
which would apply to changes of mode within a single diatonic collection.  The various J1-J5 
each correspond to one of the eleven possible changes in key signature, adding or subtracting one 
to six sharps (with adding and subtracting that final number producing identical results and thus 
collapsing into a single transformation).   
 Ordered J-inversions will each produce a single specific change in collection and/or 
mode: for example, the RI-ordering that relates the scales in Example 2.2 constrains the J4-
relationship to transforming A Phrygian into AM.  When a J-inversion on a diatonic set is not 
restricted by order, however, the relationship can manifest as any change of mode or modulation 
that features the appropriate alteration in key signature.  Had it been unordered, then, the J4 that 
moved A Phrygian to AM could have instead gone to F#m, B Dorian, or any of the modes within 
the three-sharp diatonic collection.
 Any change in mode or modulation of the diatonic scale can thus be thought of as a J-
inversion (ordered or unordered) rather than just a transposition or rotation.  While it will 
generally not make sense to discuss modulations or changes of modes in these terms for 
traditionally tonal works, J-inversion could be a valuable frame of reference in post-tonal works.  
Viewing the move from A Phrygian to AM in Example 2.3 as J4, for instance, emphasizes its 
relation to other J-inversions used throughout the quartet and Zwilich’s work in general.  
 Additionally, other scalar collections could easily be subjected to modulation through J.  
The octatonic scale (0134679T) can be shifted by semitone through a J4-inversion around either 
of its diminished seventh chords, the hexatonic (014589) by J3 around either of its augmented 
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triads, and the pentatonic (02479) by J1 around {0279}.  J can also create modulations on non-
symmetrical scales like the six-note blues scale (012479) used in Zwilich’s Quintet (see Chapter 
4).  The main difference between such collections and the scales listed above is that the lack of 
symmetry produces two distinct forms, one prime and one inverted, each of which can be 
transposed to start on any of the twelve pitch classes and rotated to begin on any of its members.  
Recognizing the J-relationship between such collections can thus allow one to find analogues 
between post-tonal harmonic motions and those found in more traditional tonality, something 
particularly desirable when analyzing music by composers who freely mix the two idioms as 
Zwilich does. 
Unordered Presentations of J: Overlapped
 The excerpts from A Poem for Elliott and the String Quartet No. 2 discussed here begin to 
show the diversity that marks unordered, non-overlapped presentations of J.  While there are, of 
course, may other ways to use such transformations, a complete catalogue of the possibilities 
would be neither practical nor productive.  Additionally, in Zwilich’s music at least, such 
presentations are in fact much less common than those that are overlapped and/or ordered.  
While the reader will encounter some unordered, non-overlapped J-inversions in the remainder 
of the dissertation, the majority will be overlapped, and of those, most will be ordered.  
Example 2.4.  J1-related instances of (013458) in Zwilich’s Concerto Grosso, I: 6
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 An unordered but overlapped presentation of J can be seen Example 2.4, which shows the 
main motive of Zwilich’s Concerto Grosso (1985).  That gesture is built from two J1-related 
instances of (013458): the first six notes form the hexachord [124569], while the seventh note 
completes the J-related set [145689] when D moves to G#.  The common pentachord [14569] is 
shared on the musical surface (so the sets are overlapped) but no common ordering relates them, 
since the initial set is presented using the interval string <+4+3-5-3+4> while the second 
embodies <+3-5-3+4+3>.     
 Though the composer gives a sense of inevitability to the final G# by arranging the 
motive so that the first note clearly pivots around the fixed pentachord, the ordering of those 
overlapped pitches de-emphasizes the symmetry of the first seven pitches around E#/F.  As the 
composite set formed by any J-related pair will always be symmetrical, such inversions can 
impart a sense of symmetry and balance without necessarily highlighting the corresponding pitch 
axis.  Indeed, as in the case of the Concerto Grosso’s main motive, J can be a very helpful 
analytical tool in music where local symmetry occurs, yet the specific inversional axes do not 
play a significant role. 
Example 2.5.  J1-related (013478)s in the Concerto Grosso, I: 35
 Another unordered, overlapped presentation of J1 occurs in the Concerto Gross, I: 35, 
now featuring a different hexachord class (Example 2.5).  There, (013478) replaces (013458) 
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within the main motive.  Though this music starts out with the expected root position major triad, 
the perfect fifth leap is replaced by a minor sixth.  The next pitch is not altered in terms of its 
identity within the motive, but the sixth signals the change in set class to (013478).  Still, as in 
the original presentation of the main motive, the set formed by the first six pitches is answered 
by its J1-associate.  Interestingly, both (013478) and the (013458) it replaced within the main 
motive produce (0134578) when subjected to J1.  The varied form of the main motive in I: 35 
thus expresses the same overall septachord class as the original, showing how a composer might 
exploit the fact that J-inversions on different set classes can produce the same composite.43
 Additionally, while the melodic contour and rhythmic pattern marks the gesture in m. 35 
as a clear variant of the main motive, the presence of J in both the original and modified versions 
of the motives creates a different type of bond, one that can link sets where contour, rhythm, 
pitch class, set class, and/or cardinality are not preserved.  J can thus serve as a common process 
acting on different set classes, connecting disparate pitch materials through a shared 
developmental strategy.  In the Concerto Grosso, for example, various cardinalities of J are 
applied to the two hexachords discussed above, along with a number of other set classes 
including (013578), (01347), (0258), (0147), (037), (014), and (013).  Use of such common-tone 
preserving contextual inversions thus helps to create a strong sense of unity within the piece 
despite its varied pitch materials.  Furthermore, the prevalent use of J here and in Zwilich’s other 
works marks it as a characteristic of her style (though not exclusively so). 
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43 As the reader will see during the course of this dissertation, Zwilich frequently reuses certain J-able set classes in 
different pieces.  These set classes are a vital part of her harmonic vocabulary, just as J is a significant technique in 
her compositional toolbox.  The combination of (013458) and (013478), for example, also occurs in the Quintet 
(2011) and other works by Zwilich.
Example 2.6a.  Melodic fragment from the Concerto Grosso, I: 6 
Example 2.6b.  Interlocking (014s) in the Concerto Grosso, I: 6.3-4
 Though the previous examples all feature J-inversions where the component sets are 
presented without interruption, that is not necessary for the transformation to be perceptible on 
the musical surface.  J-inversions can still be aurally perceptible and/or play a structural role in 
the music even with one or more deficiencies (or inserted pitches that do not belong to the 
pertinent sets).  A very basic case of this can be seen in the Concerto Grosso, I: 6 (Example 2.6a). 
The four pitches starting with the E on beat three can be interpreted as a pair of interlocking 
(014)s: E-C#-E# and E-E#-G# (Example 2.6b).  The two trichords are related by J1, but the notes 
of the second are not presented adjacently.  Rather than ordering the sets so each has all of its 
notes presented consecutively without interruption—as would be the case if the ordering were 
C#-E-E#-G# or C#-E#-E-G#, both of which feature the common tones in the inner positions with 
the other tones in the outer positions—Zwilich puts the shared E as the first pitch, causing the C# 
of the first trichord to interrupt the presentation of the second trichord.  That E-E#-G# set is thus 
deficient by one pitch, rendering the J1-relationship less obvious but not destroying it.  
 While the deficiency in Example 2.6 was caused by the interlocking of the J-related sets, 
notes completely foreign to either member of the J-pair can also be inserted, as seen in the main 
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theme of the Concerto Grosso’s second movement (Example 2.7a-b).  The music opens with a 
rhythmically varied form of the main motive [89E014], but instead of the seventh pitch marking 
a completion of the J1-inversion, two pitch classes of the initial hexachord are repeated.  The 
repetition of those notes creates the figure C-C#-B, which is then subjected to a sequence as it 
moves up by step to D-D#-C#.  That D is the only pitch in the entire theme that does not belong 
to at least one instance of (013458), and it creates a slight deficiency in the first such hexachord, 
which is completed by the D#.  The subsequent pitch, C#, begins another deficient inverted form 
[145689] related by T5.  A final non-deficient form related by J2 to the third iteration concludes 
the theme.  
Example 2.7a.  J-related (013458)s in the Concerto Grosso, II: 5-11
Example 2.7b.  Reduction of the Concerto Grosso, II: 5-11
 Neither the errant D that interrupts the second hexachord nor the intertwining of the third 
and fourth hexachords particularly obscures the J-relationships, yet the placement of the non-
deficient sets at the start and end of the theme help to anchor the music.  The clarity created by 
the lack of deficiency makes these sets stand out from the others, despite the overlapping that 
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links the first two and last two sets.  The theme thus has the effect of starting at one stable point
—a variation of the main motive of the piece—and moving to a new stable point related by set 
class but missing the characteristic contour, rhythm, and other such features of the original 
motive. 
 Beyond deficiencies, the presentation of a J-inversion can also be complicated by a 
change in harmonic context before the moving voice or voices arrive at their goal.  The piano 
part of Zwilich’s Quintet (2011), I: 9-10 features a passage where the pitch that completes the J1-
inversion on the first hexachord appears as part of a new hexachord class that is then also 
subjected to J1 (Example 2.8).  In this excerpt, Zwilich again plays with the fact that both 
(013458) and (013478) can be J1-ed to produce the septachord (0134578) as shown in Example 
2.9.   
Example 2.8.  Melodic line of Zwilich’s Quintet, I: 9-12
Example 2.9.  J1 on (013458) and (013478)
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 Starting with the Bb on the second sixteenth note of beat 2, the hexachord [69TE12] is 
presented.  The non-symmetrical C# would be balanced by G through J1, and although that pitch 
does appear, Zwilich’s ordering changes its context: G becomes part of a new (013478) 
hexachord when the C# is reiterated rather than being replaced.  The original hexachord’s B-
natural disappears instead, changing the set class from (013458) to (013478).  The effect of G 
appearing in the context of this new hexachord is somewhat akin to a non-chord tone that 
resolves after its underlying chord has changed in a tonal work.  That new hexachord class itself 
can be subjected to J1, and this occurs clearly in the music when the climactic A flips down to 
become the B-natural on beat three of m. 11.  The J1-motions on those two distinct hexachords 
are thus elided by the particular ordering Zwilich uses.44
Example 2.10.  J1-related (013458)s in the Concerto Grosso, II: 23-29 
(with some tied notes omitted for clarity)
 J can thus be used to create larger sets through the accumulation of notes rather than their 
replacement.  Indeed, as J-related pairs become increasing intertwined, the aural focus will shift 
to the composite set, a fact that Zwilich exploits throughout her Concerto Grosso.  One instance 
of this phenomenon can be seen in the second movement at mm. 23-29, where a pair of J1-
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44 A similar situation can be seen in Zwilich’s LUVN BLM (2007) in I: 45-46.
related (013458)s are split between the flute and the harpsichord (who play the top line of 
Example 2.10) and the first violin (who plays the bottom line).  The repetition of pitches and the 
one-note deficiency of each hexachord further blurs the boundaries of the individual sets.  The 
overall impression is thus not of two distinct J1-related hexachords, but of the composite 
septachord [679TE12], which belongs to set class (0134578).  
Example 2.11.  J1-related (013478)s in the Concerto Grosso, II: 23-29 
(with some tied notes omitted for clarity)
 The order of the pitches also highlights another of that septachord’s subset classes: 
(013478), which occurs as the intertwined [679T12] and [67TE12] (Example 2.11).  
Simultaneously emphasizing two different J1-related pairs of sets further shifts the focus to the 
composite septachord.  Symmetrical collections like (0134578) will typically have the potential 
to be composed of one or more J-related pairs; the composer may choose to deemphasize those 
constituents as in the present passage or render them obvious as in the work’s main motive.  
 While the previous examples of J have focused on melodic presentations, Zwilich does 
also use the transformation harmonically.  Typically, she employs a method Straus 1995 calls 
“inversional pivoting”45, which occurs when a symmetrical set is held or repeated in one or more 
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45 Straus 1995: 91.
parts while a melodic voice inverts around that collection.  Two brief examples from the third 
movement of the Concerto Grosso will serve to demonstrate this.  Example 2.12 shows a 
reduction of m. 25, where an octatonic tetrachord is sounded in the orchestra while the horns’ 
melodic Bb-Ab effects the shift from one (01347) to its J1-relative.  Example 2.13 gives a similar 
presentation of a tetrachordal J1 found at m. 16.  Although using a smaller cardinality, this 
example is slightly more complex as it includes two different set classes both subjected to J1: 
here, a C#-diminished triad is held by the orchestra while the horns’ melody creates J1-related 
pairs of (0258)s and (0147)s.  Inversional pivoting similar to these two examples can be found 
not only throughout the Concerto Grosso but also in a number of other works spanning Zwilich’s 
career.  Some clear instances include the Symphony No. 1, I: 1-4 (1982); Einsame Nacht I: 10 
and 12-14 (1984); the Piano Trio, I: 21-22, 25-6, and 73 (1990); and the String Quartet No. 2, I: 
21-22 and 27 (1998).
Example 2.12.  J1-related (01347)s in the Concerto Grosso, III: 25
Example 2.13.  J1-related tetrachords in the Concerto Grosso, III: 16
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Ordered Presentations of J: Lewin’s FLIPs
 In addition to the unordered presentations discussed above, J can also manifest as various 
ordered transformations previously described in the theoretical literature.  Some of those 
contextual inversions will always be J, while others will only be J when applied to specific set 
classes.  To demonstrate this, a selection of ordered transformations described in David Lewin’s 
seminal work on contextual inversion, Generalized Musical Intervals and Transformations 
(1987), will be briefly examined to reveal those conditions under which the transformations 
manifest as some type of J.  Though other contextual inversions from the literature can also be 
reinterpreted as J (and some will be mentioned where relevant), focusing on Lewin’s 
transformations will give the reader a clear sense of the relevance and scope of the J-family.  
 The first two of these contextual inversions—Lewin’s FLIP (which is really a group of 
four related transformations) and BIND—do not play a noticeable role in Zwilich’s music, nor 
have they been widely adopted in the theoretical literature.  They are included here mainly to 
demonstrate that many concepts introduced in previous sources can be reinterpreted as J.  The 
next ordered transformation, on the other hand, is very common in both theoretical and musical 
sources (including the works of Zwilich): retrograde-inversional chains (or RICHes) are so 
prevalent they will warrant a much more detailed discussion than any of the preceding ordered 
transformations.  The final contextual—MUCH—is a particular type of RICH introduced by 
Lewin, though again it has rarely been used by other analysts.  The transformation is relevant for 
Zwilich’s music, however, as will be demonstrated here.
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Example 2.14.  Lewin’s FLIPEND, FLIPEND-1, FLIPSTART, and FLIPSTART-1 on (014)
 Lewin 1987 defines the ordered contextual inversion FLIPEND as the operation that 
“transforms the series s1-s2-s3 into the series s1-s3-a, where a is the inversion-about-s3 of s2.”46  
An inverse operation FLIPEND-1 turns the series into s1-b-s2, where b is the inversion-about-s2 of 
s3.  FLIPSTART and FLIPSTART-1, respectively, are transformations that involve the inversion 
of the second pitch around the first and the first pitch around the second (Example 2.14).  Lewin 
derived these transformations from Bernard 1987’s infolding and unfolding, both of which are 
dependent on spatial position and can only be applied to trichords.  Infolding occurs when either 
the highest or lowest pitch inverts around the middle pitch, while unfolding when the middle 
note inverts around one of the outer ones.  Unlike Bernard, however, Lewin focuses on temporal 
ordering rather than spatial ordering, as is reflected in his definitions and labels.
 In all of Lewin’s FLIPs, the retained pitch not acting as the axis of inversion does not 
participate in the inversion; it is preserved through a separate process.  These FLIP 
transformations are thus compound operations: invert note x around note y and leave note z in 
place.  J, on other hand, involves a single step: one inversion accounts for the retention of all 
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46 Lewin 1987: 189.  
common tones as well as the motions of any other voices.  Still, there will be some situations 
where Lewin’s FLIPs are identical to J. 
Example 2.15.  J1(06) on (016) as FLIPEND, FLIPEND-1, FLIPSTART, and FLIPSTART-1
 Lewin defined his transformations on trichords, and, as seen in Example 2.14, they 
typically involve a change of set class.  In a limited number of cases, however, the set class will 
not change, and the FLIP transformations will be realizations of J1.  Only those trichordal J1-
inversions that feature a singleton inverting around one member of a tritone can be realized as 
the four FLIPs, since only those inversions allow one pitch of the trichord to invert around a 
second while the third maps onto itself.  Thus, only the three J1(06) operations—those on (016), 
(026), and (036)—will have the potential to be ordered as FLIPEND, FLIPEND-1, FLIPSTART, 
and FLIPSTART-1.47  Example 2.15 shows the four FLIPs on (016), clearly demonstrating that 
each of these transformations represents a different ordering of the same J1(06) that maps [016] to 
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47 Inversions that map the notes of a tritone onto each other (i.e. J1(06)) will require the moving note to invert around 
a pitch not present in the set, thus preventing such a transformation from fulfilling the definitions of the FLIPs.  In 
those J-inversions, the moving pitch would have to invert around the note that splits the tritone in half, the “3” in the 
middle of (06).  The only trichord to include both a tritone and the note that splits it is (036), which produces an 
identity at J1(06).  J1(06)-inversions are therefore not capable of being ordered as Lewin’s FLIPs.
[6E0].  While these presentations use F# as the axis of inversion (based on ordering), four 
corresponding versions with C in the axis position also exist; these will also simply be different 
orderings of the J1(06) that maps [016] to [6E0].  
 Notice that for each of the four inversions discussed above, the pitches involved always 
exchange order position: in FLIPEND for example, s3 moves into the second slot while the new 
pitch takes the third.  Lewin does not name any transformations where one note inverts around 
another but remains in the same order position (for example, an operation where s1-s2-s3 would 
be transformed into s1-a-s3), nor does he mention the options of either the first or third notes 
inverting around the other or any order changes involving both the first and third notes.  Such 
transformations are possible, of course, and are subject to the same limitation as the four FLIPs 
discussed above: only J1(06) could be ordered as those additional transformations. 
 One could also imagine analogous contextual inversions where one pitch flips around 
another based on some principle of ordering that could act on tetrachords and larger set classes.  
Those extended FLIP transformations would be examples of J1 only when the pitch around 
which the singleton flips is the axis of inversion for the preserved symmetrical subset and the 
necessary ordering is used.  The intersection between FLIP and J1 thus hinges on the inversional 
axis: a contextual inversion will fall into both of these categories if and only if the axis is a single 
pitch present in the set and placed in a certain order position, while the moving note is the only 
pitch class not balanced around that axis.
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Ordered Presentations of J: Lewin’s BIND
 The situation is much simpler for the related transformation BIND, which is always some 
type of J.  This contextual inversion “takes a series of pitch classes and transforms it into that one 
of its retrograde-inverted forms which has the same first and last notes.”48,49  Though Lewin only  
applies the transformation to the trichord (013), his definition allows it to act on set classes of all 
cardinalities; Example 2.16 gives a small sampling of the possibilities.  The first is Lewin’s (013) 
example, while the next shows BIND on (026) with the tritone preserved.  Although it is possible 
to retain those two common notes by inverting the set in one of two ways—that which maps each 
member of the tritone onto itself or that which maps them onto each other—the stipulation that 
the resulting set be related by retrograde-inversion to the original constrains the transformation to 
the latter mapping.  Keeping the first and last pitches in their positions, J1(06) would produce the 
set A-G-D#, which is related to the original by inversion rather than retrograde-inversion.  J1(06), 
on the other hand, results in the RI-related set A-C#-D# as shown in Example 2.16.  The second 
line of the example shows BIND on two larger set classes, (0235) and (01235) respectively.  
Though not included here, set classes with cardinality 6 and above can also be subjected to the 
transformation. 
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48 Lewin 1987: 208.
49 BIND is related to two different contextual inversions proposed by Michael Cherlin.  Cherlin 1983’s mutual p-
relation “associates components of different row forms under the same ordinal partitioning of each row” (49).  Like 
BIND, Cherlin’s property thus occurs when two different instances of the same set (in this case, the complete 
chromatic) preserve an ordered subset in an identical placement within the larger set.  While BIND stipulates that 
the first and last notes must be part of that preserved subset, the mutual p-relation does not specify the order 
positions of the invariant pitches.  They may occur anywhere in the pair of sets, as long as they are in the same 
position in both.  Cherlin gives the example of the RI-related row forms A-Bb-E-D-Eb-C#-G-F-F#-G#-B-C and G#-
A-C-D-Eb-C#-G-F-F#-E-Bb-B.  The underlined hexachord’s symmetrical ordering allows it to map onto itself under 
retrograde-inversion and thus appear invariant between the two row forms.  This example of mutual p-relation is 
thus also an ordered form of J6{123567} on the chromatic collection.
 A similar situation exists for a transformation briefly mentioned in Cherlin 1993: INVLAST, wherein a set is 
subjected to whatever inversion preserves the final pitch class (34).  That transformation is an example of J(N-1) 
when the final pitch is the only common tone or a smaller type of Jx if more notes are preserved.
Example 2.16.  Lewin’s BIND on set classes of various cardinalities
Example 2.17.  Various J-inversions on (01256) realized as BIND
 Whenever only the first and last notes are shared by the two sets—as in the 
transformations of Example 2.16—BIND will be J(N-2); if additional notes are retained, BIND 
will instead be some smaller Jx.  Example 2.17 shows four of the potential BIND 
transformations on (01256), which manifest J1-J3.  The first only retains the two common tones 
required by the contextual inversion’s definition, the second includes one additional common 
tone (the C#), and the third features two additional common tones.  Although the additional 
common tones in those two instances remain in the same order positions, that will not always 
occur.  The final pair of BIND-related sets includes four common tones, two of which appear in 
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identical order positions—the first and last pitches that characterize BIND—while the remaining 















J2{04} 01340134 No: Identity
01340134 <+1+2+1> No: Identity
03140314 <+3-2+3> No: Identity
J2{13} 01340134 No: Identity
10431043 <-1+4-1> No: Identity







Example 2.18.  Possible BINDs on (0134)
 Multiple BINDs can be produced from the same J-inversion if different initial orderings 
of the interior pitches are used.  This can be seen in Example 2.18, which lists the J-inversions on 
(0134)—both distinct and not—and their possible realizations as BIND.50  Each of the distinct J-
inversions on the tetrachord can produce two different BIND orderings, one for each of the 
possible orderings of the interior pitches.  Larger set classes will thus support more possible 
orderings for each J-inversion, as each increase in cardinality will result in a corresponding (but 
non-linear) increase in the number of possible orderings for the interior pitches.  The non-distinct 
J-inversions do not support any non-identity BINDs.  When preserving a pair of pitches balanced 
around the internal inversional axis (as in those transformations), symmetrical tetrachords like 
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50 The retrogrades of the transformations given here are, of course, also possible BIND orderings.  
(0134) can only be ordered using a symmetrical (or palindromic) interval series and thus will 
always result in an identity. 
Interval Series BIND-related 
Orderings
Distinct?
<+1+1+1+1> 0123401234 No: Identity
<+1+2-1+2> 0132402134 Yes
<+2+1-2+3> 0231403124 Yes
<+3-1-1+3> 0321403214 No: Identity
Example 2.19.  J2{04} as BIND on (01234)
 Only symmetrical set classes that can be ordered using a non-symmetrical interval series 
will be able to support distinct BINDs, and some identity-producing J-inversions will be among 
those transformations that can be presented in such a fashion.  For instance, the pentachord 
(01234) produces an identity when subjected to the unordered J2{04}, but as seen in Example 
2.19, two distinct BIND orderings (plus their retrogrades) exist.  While the two symmetrical 
orderings <+1+1+1+1> and <+3-1-1+3> again produce identities, the non-symmetrical interval 
strings <+1+2-1+2> and <+2+1-2+3> each result in a distinct BIND.  In such situations, order 
could thus make non-distinct J-inversions relevant analytically.  
Ordered Presentations of J: Retrograde-Inversional Chains
 Unlike BIND or the FLIPs, a retrograde-inversional chain or RICH is both ordered and 
overlapped.  In a RICH, the last two notes of one motive form become the first two notes of a 
subsequent retrograde-inversion form, as seen in Example 2.20a-b.51  The first three pitches, D-
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51 Though this term seems to first be defined in Lewin 1987 (180), the concept existed previously in his work and in 
that of other theorists.  See Lambert 2000 for a discussion of this contextual inversion’s origins and subsequent 
developments.
B-Eb, represent one instance of (014), while the second and third pitches also participate in the 
RI-related set B-Eb-C.  The RI ordering allows the second set to overlap the first, forming a brief 
chain based on <-3+4>.  Since retrograde-inversion changes the order of the intervals in a 
motive’s presentation while maintaining the direction of those intervals, RICHes can thus be 
named using interval strings in addition to their underlying J-inversions.
Example 2.20a.  Melodic fragment from the Concerto Grosso, I: 7.1
Example 2.20b.  A <-3+4> RICH on (014) in the Concerto Grosso, I: 7.1
 RICH can exist between a single pair of sets as in the (014) example above, but longer 
chains are also possible; one example can be found in the third movement of Zwilich’s song 
cycle Einsame Nacht (completed 1971, published 1984).  As shown in Example 2.21, J1 on (013) 
appears as a <-1+3> RICH in the baritone line beginning on the last two sixteenth notes of m. 6 
and continuing until the Ab of m. 8.  Each set within the RICH is bracketed in the example, and 
the corresponding intervallic motions are noted above the music.  The repetitiveness of the 
melodic pattern is deemphasized by the variable rhythmic values, though the RICH obviously 
plays an important role in unifying the pitches of the vocal line and helps to create interest 
against the static piano part.  
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 Additionally, the music in this passage primarily expresses the OCT2,3 collection: the 
piano supplies the tetrachord G#-A-B-C, while the vocal line furnishes the remaining scale tones. 
The only pitches not part of this collection are the E and G boxed in Example 2.21.  The <-1+3> 
RICH thus emerges from the octatonic collection, moves into a more chromatic space with the E 
and G, and then is absorbed back into the original scale.  The discrepancy between the chromatic 
collection implied by the RICH and the overall octatonic context thus helps to shape the passage.  
Zwilich frequently uses the interaction of J-processes with underlying scales to create conflict 
and resolution; an example of this from her String Quartet No. 2 will be discussed in the next 
chapter. 
Example 2.21.  A <-1+3> RICH on (013) in Einsame Nacht, III: 5-8
 Such trichordal RICHes spanning three or more sets manifest two important 
characteristics.  First, they will always feature the alternation of two distinct J-inversions, each 
inverting around the subset expressed by one of the two intervals in the chain.  For example, the 
(013) RICH in Einsame Nacht, III: 5-8 is based on the alternation of J1(03) and J1(01).  These 
longer RICHes are thus combinations of J-inversions rather than just individual presentations, 
and will be discussed further in the next chapter.  RICHes with only two links, however, just 
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express a single J-inversion, that around the overlapped dyad.  In Example 2.20, for instance, 
only J1(04) is present.  
 Second, RICHes covering more than two sets will embody a partial or complete interval 
cycle.  A trichord with two distinct interval sizes will be able to produce one single-interval cycle 
and one dual-interval cycle.  (012), for example, could be ordered as a <+1+1> RICH resulting in 
the 1-cycle or a <+2-1> RICH resulting in a pair of 2-cycles a semitone apart.  Trichords with 
three distinct sizes will produce three different dual-interval cycles.  (037) can be ordered as       
<+3+4>, <+5+4>, or <+5+3>; the first results in a pair of 5-cycles, the second in a pair of 3-
cycles, and the third in a pair of 4-cycles.  
 While a single interval cycle can be made clear by a RICH spanning only two sets, dual-
interval cycles will become noticeable only when three or more sets are linked.  That minimum 
allows each interval in the RICH to occur twice, making the pattern explicit and setting up a 
reasonable expectation of continuation.  With only two sets in a chain (again as in Example 
2.20), one of the intervals will occur twice and the other only once.  A RICH involving two 
distinct interval sizes but spanning only two sets thus conveys a palindromic interval string that 
feels more like a complete unit in itself than a pattern requiring continuation. 
 These characteristics also apply to RICHes on larger set classes.  Chains on sets with four 
or more notes will again include palindromic interval patterns, but their component interval 
cycles will be harder to perceive due to their increased length and complexity.  When such 
RICHes include three or more sets, they will again feature multiple distinct J-inversions. 
However, Zwilich generally does not use RICHes on larger sets that span more than two links.  
73
Example 2.22.  RICH on (0237) in Einsame Nacht, II: 1
 Some examples of this can be found in Einsame Nacht, which is a veritable study on 
RICH: the transformation absolutely saturates the piece, acting on trichords as well as larger set 
classes.  While a few longer chains exist, most trichordal RICHes and all RICHes on larger set 
classes include only two sets.  As seen in Example 2.22, the vocal gesture that opens the second 
movement includes a RICH on (0237).  The motive is presented using <+3-2-5>, so the final ic5 
of the first tetrachord becomes the start of the the second RI-related set as part of an ordered 
J2{07} transformation.  
 An instance of RICH on a hexachord is given in Example 2.23, where the transformation 
acts on (012345) presented as <+3-1-1+4-1>.  The two sets overlap at E-Eb and manifest a J4-
relationship.52  One can also find a slightly longer RICH if the next pitch in the vocal line (which 
occurs after the Ab is held for two more measures and the piano plays a six measure interlude) is 
considered: the Ab-G that connects the end of this phrase to the next balances the C-B motion of 
measure 45, creating a <-1+3-1-1+4-1> RICH (still acting on the chromatic hexachord).  RICH 
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52 Naming that particular J4-inversion more specifically is somewhat complicated.  Since the set class is 
symmetrical, there is no distinction between non-inverted and inverted forms.  The nomenclature proposed here 
generally favors labeling the preserved subset based on the prime (or non-inverted) forms.  Given (013), J1{01} 
acting on a prime form and J1{23} acting on an inverted form are equivalent, since the {01} semitone of the prime 
form becomes reinterpreted as the {23} semitone of the inverted form.  That transformation could thus be labeled in 
either fashion or could be named using the subset’s prime form (01) since no other instances of that dyad are present.
 With a set like (012345), however, labeling an inversion around a semitone dyad using the prime form is too 
ambiguous because of that interval class’s frequency.  Additionally, J1 around {01} and {45} are again equivalent 
but now both are possible in any set form since there is no distinction between prime and inverted forms.  It is not 
possible to differentiate between those transformations on an abstract, theoretical level, though surface musical 
characteristics like order and register may provide cues for choosing a particular label when necessary.  Here, for 
instance, one could use the temporal ordering of the sets as a determining factor and name the transformation J1{45} 
since the inversion occurs around the highest semitone of the initial form. 
and other J-inversions frequently cross phrase boundaries to create links throughout the vocal 
line and between the melody and accompaniment.  Indeed, almost every note in the vocal line 
and many in the piano accompaniment are part of at least one RICH, so the process helps to tie 
together the disparate pitch materials of this early work. 
Example 2.23.  RICH on (012345) in Einsame Nacht, VI: 45
              In addition to RICH acting on sets of various cardinalities, it is also possible to have 
chains where more or less than two pitches are shared: Brian Moseley’s recent dissertation 
“Twelve-Tone Cartography: Space, Chains, and Intimations of Tonal Form in Anton Webern’s 
Twelve-Tone Music” (2013) extends the theoretical apparatus of RICH to account for this 
possibility.  In that treatise, Moseley introduces a nomenclature system in which a subscript is 
applied to the chain label to indicate the amount of overlap: RICH1 indicates a chain where one 
pitch is shared, RICH2 two pitches, and so on.  RICH2 is thus the transformation first defined by 
Lewin and adopted by later scholars; typically when one refers to RICH without a subscript, he/
she is discussing RICH2.  However, Moseley’s system does not privilege that particular 
cardinality of RICH, and chains with any other number of shared pitches are equally possible.  In 
his dissertation and in the remainder of this treatise, the term RICH will be used to refer to the 
entire family of possible retrograde-inversional chains without implying a particular number of 
shared tones, and subscripts will be added when distinguishing between the different cardinalities 
of RICHes.
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              All of the types of RICH discussed in Moseley 2013 are ordered examples of J.  If 
RICHx is a retrograde-inversional chain with an overlap of x pitches, then the sets will be related 
by J(N-x) if only those x pitches are shared or by some smaller cardinality of J if additional 
common tones are repeated rather than overlapped.  When restricted to a two-note overlap, J1 
could only be ordered as RICH on larger set classes by using repeated pitches to account for the 
additional shared tones.  With Moseley’s expanded definition of RICH, such repetitions are no 
longer necessary for RICH orderings of J1 on set classes larger than a trichord.  For instance, 
Example 2.24 shows a RICH with three shared pitches from Zwilich’s Quartet for Oboe and 
Strings (2007).  Starting with the second eighth note of the measure, the tetrachord Eb-C-B-Bb is 
overlapped with C-B-Bb-G, creating a RICH3 ordering of J1.  
Example 2.24.  RICH3 on (0125) in the Quartet for Oboe and Strings, II: 90 
Interpreting Pitch Chains
 Allowing RICHes with variable amounts of overlap raises an interesting interpretive 
issue: in many cases, it will be possible to analyze a series of pitches as more than one sequence 
of transformations depending on the size of the groupings in focus.  This is true of two-set 
RICHes as well as longer chains.  The <+3-2-5> RICH2 on (0237) from Einsame Nacht, II: 1 
discussed above can also be interpreted as a <+3-2-5-2> RICH3 on (01368) as shown in Example 
2.25.  The <+3-1-1+4-1> RICH on (012345) from m. 45 of the cycle’s sixth song can be viewed 
as RICH2, RICH4, RICH6 or RICH8 (Example 2.26).  
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Example 2.25.  Two different RICH interpretations of Einsame Nacht, II: 1
Example 2.26.  Multiple RICH interpretations of Einsame Nacht, VI: 45
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 Any symmetrical or palindromic series of intervals will have the potential to be similarly 
read as a variety of different RICH transformations.  Generally, the most useful partitions to 
consider will be the smallest cardinality that accounts for all of the pitches through a pattern of 
transformations or, conversely, the largest cardinality that will account for all of the pitches 
through a single transformation.  Sometimes it may also be worthwhile to consider additional 
perspectives in such multivalent passages to reveal further analytical insights.
Example 2.27a.  The melodic line from the Concerto Grosso, I: 7-8
Example 2.27b.  Triadic interpretation of the Concerto Grosso, I: 7-8
 Example 2.27a shows the melodic line from Zwilich’s Concerto, I: 7-8.  As discussed 
above in relation to Example 2.20, the first four pitches form a RICH2 on (014).  The final seven 
pitches form a clear fragment of the OCT1,2 scale.  The series of descending thirds that connects 
those two elements can be interpreted in a number of different ways, however.  One possible 
analysis could focus on the triadic content of the passage.  As seen in Example 2.27b, (037) is 
prevalent throughout the passage, though two (048)s are created through the staggered voice-
leading of the two J2-transformations (L’ and P’).  The final two P-related triads are both 
deficient, having been extracted from the concluding octatonic scale, but the rest of the chords 
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are clearly found on the musical surface.  The middle of the progression—from the Db at m. 7.3 
to the C on beat 1 of m. 8—is an explicit <-4-3> RICH2 forming a series of J1s on (037).  
Example 2.28.  Three different RICH interpretations of the Concerto Grosso, I: 7.3-8.1.1
 Or is it?  One could also interpret that dual-interval cycle as a tetrachordal RICH2/J2 on 
(0158) or a pentachordal RICH4/J1 on (01358), as seen in Example 2.28.53  That latter chain also 
expresses a RICH2/J3 between the first and last groups of five notes.  Additionally, if one 
expands the frame of reference from that eight-pitch chain to include the preceding F and the 
following G#, RICHes on larger set classes can be seen: RICH2/J4 on hexachord (014579), a 
RICH4/J3 on septachord (0124689), RICH6/J2 on octachord (0123568T), and a RICH8/J1 on 
nonachord (01235678T).  These larger transformations are shown in Example 2.29.
 Each of these alternative interpretations has the benefit of set class consistency and could 
be focused upon given sufficient reason, for example if any of the set classes played a significant 
role in the piece as a whole.  In the case of the Concerto Grosso, tetrachord (0158) and 
pentachord (01358) are both subsets of the main hexachord (013458) and occur frequently in the 
work.  Emphasizing their presence in this passage could thus allow one to draw connections to 
other prominent instances of those set classes.  The larger set classes, on the other hand, are not 
particularly salient outside of this and similar passages, so interpreting the chain in relation to 
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53 Since the second of the three interpretations involves a symmetrical interval string, it can be read as either a RICH 
or a TCH (or transpositional chain) where each iteration is T5 of the previous.
them is less productive.  Still, it is important to be aware that allowing for RICHes with variable 
numbers of overlapped pitches opens up the possibility of analyzing pitch chains in multiple 
ways, some of which may be more relevant than others.
Example 2.29.  Four additional interpretations of the Concerto Grosso, I: 7.2.4-8.1.2
Ordered Presentations of J: MUCH
 Before concluding the discussion of retrograde-inversional chains, a special case of that 
contextual inversion should be discussed: Lewin’s MUCH, which produces “that retrograde-
inverted form of s [where s is a pitch set] whose beginning overlaps the ending of s to the 
maximum possible extent.”54,55  MUCH is thus RICHx when x is the number of pitches involved 
in the largest symmetrical string of intervals in a particular presentation of a set.  The 
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54 Lewin 1987: 183.  
55 Lewin gives an example from Bach’s Two-Part Invention No. 1 to show MUCH on the seven-note motive A-G-F-
E-G-F-A.  In a chromatic context, this pattern does not include strict RI relationships.  Lewin assumes a diatonic 
framework, so the RI relationship is tonal not real.  While the discussion of J-inversion in this dissertation is clearly 
based on the chromatic collection as the underlying pitch universe, it is also possible to adopt different frames of 
reference such as the diatonic one Lewin uses in his discussion of the Bach example.  Similarly, one could also 
extend J to microtonal situations.
overlapping pitches must be ordered using a symmetrical interval series, since that symmetry 
allows the pitches to be preserved when subjected to retrograde-inversion.  MUCH could be J1, 
J2, or even J(N-2) if no larger symmetrical subsets are presented with a symmetrical interval 
series.  Allowing for the repetition of pitches (as Lewin does in his example), it is even possible 
that MUCH could be J0 for symmetrical set classes.  However, MUCH will never consist of a 
single-note overlap—as in J(N-1)—since a motive and its retrograde-inversion will always share 
at least one dyad. 
 The amount of overlap required for MUCH is thus dependent not only on the set class 
involved but also on the particular ordering of that set class.  The first set of Example 2.24, for 
instance, features a <-3-1-1> ordering that allows RI-related forms to overlap by one, two, or 
three pitches.  The RICH3 that Zwilich uses is thus MUCH for that particular ordering.  The 
ordering of the RI-related form does not allow for the same level of overlap, however: <-1-1-3> 
only permits an overlap of one or two pitches.  MUCH for that ordering is RICH2 (and Zwilich 
does use that transformation two measures later, though she repeats the shared pitches rather than 
overlapping them).  When the size of the symmetrical interval strings at the start and end of a 
presentation are different, MUCH will have different values for the P- and RI-forms.  A series of 
MUCH transformations can thus result in uneven chaining where the number of common tones 
varies depending on which form is subjected to the transformation.   
 Zwilich has used the uneven chaining created by MUCH throughout her career; it can be 
seen even in early works such as Einsame Nacht, whose sixth movement starts out with a 
RICH3-RICH2 progression on the chromatic tetrachord (Example 2.30).  The first three groups of 
consecutive tetrachords in the piano form three overlapping instances of the chromatic 
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tetrachord.  The first two are related by RICH3, with Eb-D-C# shared.  The second and third are 
related by RICH2, with C#-D overlapped.  The repeated Eb marks a third common tone, so the 
transformation is not an ordered form of J2 but J1 like the previous RICH3.  
Example 2.30.  A series of MUCHes on (0123) in Einsame Nacht, VI: 1
 The passage is deepened by the way Zwilich splits up the music between the hands, 
highlighting not the chromatic tetrachords but rather instances of (013) that spell out an 
ascending chromatic scale.  C-Eb-D is followed by C#-E-Eb, but the ensuing D breaks the pattern 
by moving to F# instead of F.  While one reading of this passage might focus on such 
transpositions, the inversional relationships—even when they are deemphasized—also contribute 
to the measures’ overall effect.  Not all transpositional sequences include RICH relationships, so 
those that do have the potential to join two distinct processes: transposition and inversion.  This 
creates an added layer of relation in the network of meaning, enriching what could appear as a 
fairly straightforward figuration. 
 A similar MUCH chain can be seen in Zwilich’s A Poem for Elliott (completed 2007, 
published 2010).  As seen in Example 2.31, the work starts with a seemingly simple descending 
run based on the <-3-1-1> pattern from the Quartet for Oboe and Strings, effecting the octave 
transfer of the first five pitches in the right hand.  Those pentachords—which are boxed in the 
example—are connected by a series of MUCHes on (0125).  As discussed above, MUCH for the 
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<-3-1-1> ordering of this set is RICH3 while the <-1-1-3> ordering only supports RICH2.  The 
run is thus a RICH3-RICH2 chain spanning four iterations of the set: Eb-C-B-Bb, C-B-Bb-G, Bb-G-
Gb-F, and G-Gb-F-D.  The final tetrachord has its last note displaced two octaves, signaling the 
end of the chain.  Moving the final pitch into an unexpected register (and/or instrument) is a 
strategy Zwilich regularly employs for ending a pitch process: other notable examples include 
the Sonata in Three Movements, I: 15 (1979) and the Piano Trio, I: 119-122 (1990). 
Example 2.31.  A series of MUCHes on (0125) in A Poem for Elliott: 1-2
 As in the Einsame Nacht example above, transpositional relationships are spelled out by 
the MUCH chain: the first and third tetrachords are related by T5, as are the second and fourth.  
Here, however, those relationships are somewhat deemphasized by the scalar nature of the right 
hand run.56  Zwilich’s emphasis on (014) in the passage further complicates the situation 
(Example 2.32).  Within the (0125) MUCH, a short RICH on (014) occurs: B-Bb-G-Gb spells out 
a <-1-3> chain.  The first two sets are related by J1(03), and had the RICH continued, the next 
transformation would be J1(01).  Instead, Zwilich breaks the chain by repeating -1, creating a 
single pitch overlap with a harmonic J1(04) as Gb-F-D is answered by D-F#-Eb.  Though 
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56 Zwilich frequently uses RICH transformations to create scale-like constructions, a tendency arising naturally from 
the fact that many common scales can be derived in such a fashion.  As mentioned above, trichordal RICH spells out 
single- or dual-interval cycles, so any scale generated by a single interval or a pair of alternating intervals can be 
created through that type of transformation.  That group includes the major/minor diatonic scale, the whole tone 
scale, the octatonic scale, the hexatonic scale, and many others.
concentrating on (014) does ignore certain larger processes at work, this interpretation reveals a 
connection not noticeable when focusing on (0125): the trichords join the series of MUCHes to 
the turn figure that follows.  Adopting this alternate perspective thus provides additional 
analytical insights.  
Example 2.32.  (014)s in A Poem for Elliott: 2
Conclusion: Viewing Transformations in Terms of J
              Recognizing MUCH, RICH, and other ordered transformations from the literature as 
belonging to the J-family highlights the relationship between the different ordered processes and 
similar unordered types of common-tone preserving inversions.  Harmonic progressions, for 
example, are often unordered and do not manifest as RICHes.  They can, however, be 
productively analyzed in terms of J-inversion, as will be discussed in Chapter 3.  Analyzing such 
progressions using J can reveal parallels between melodic and harmonic approaches and between 
processes acting on different collections.  The J-system thus allows an observer to make 
connections between phenomena that may seem unrelated when focusing on the order of the 
pitches or the abstract set class, something that can be particularly useful when examining the 
music of eclectic and/or organicist composers like Zwilich.
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Chapter 3: Combining J-inversions
              The second chapter presented an overview of the many ways individual J-inversions can 
be used and the issues that arise in analyzing such phenomena.  However, many of the cited 
excerpts actually included multiple J-inversions.  The myriad methods for combining such 
transformations fall into four broad categories:
1. Progression, where consecutive transformations on the same set class function on the 
same structural level; 
2. Linking, where transformations on different set classes are found on the same structural 
level and are connected by one or more overlapped pitches;
3. Layering, where simultaneous transformations on the same or different set classes occur 
on the same structural level but in different parts of the texture (typically distinguished by 
timbre and/or register);
4. Embedding, where transformations on the same or different set classes exist on different 
structural levels but are connected by one or more overlapped pitches.
Each of these categories will be examined individually, although—as some of the later examples 
will show—they are often used in conjunction.  
Progression
              A progression occurs when two or more transformations on the same set class are used 
consecutively on the same structural level.57  The component transformations may be any 
combination of transpositions and/or inversions acting on adjacent sets or on those separated in 
time.  They may involve the retention of common tones, but that is not necessary as some 
transpositions and inversions on set classes with cardinality 6 or lower will produce results with 
none of the original pitch classes.  Any progression where all of the included transformations 
preserve at least one common tone will be referred to as a chain.    
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57 Much of the terminology defined in this chapter has been used in the theoretical literature with different shadings 
of meaning in the works of different authors.  Clarification of these terms is thus necessary here.
              There is thus an important distinction to be made between individual transformations 
that involve chaining and a chain of transformations.  When a transformation is based on 
chaining (like RICH and MUCH), the two sets involved are overlapped so that one or more 
actual pitches are simultaneously members of both collections.  Such transformations are thus 
local phenomena that create connections between adjacent sets on the musical surface, and they 
can be ordered (again like RICH and MUCH) or unordered (like the main motive of Zwilich’s 
Concerto Grosso discussed in Chapter 2).  Chains of transformations, on the other hand, are a 
sub-category of progression characterized by the presence of at least one common tone in every 
transformation.  The individual progressions in such chains could involve overlapping, but that is 
no longer a requirement: instead, the tones preserved in a J-inversion may be repeated in the 
second set.  Indeed, if a chain operates on sets that are not adjacent on the musical surface, 
overlapping will not be possible.      
              Chains and progressions in general can be created in one of three ways: solely using 
transposition, solely using inversion,  or mixing transposition and inversion.  Progressions based 
solely on transposition will simply spell out some portion of an interval cycle.  Those involving 
inversion will also elaborate a certain interval cycle, though the relationship between that 
underlying skeleton and the surface transformations will be more complicated.
              Example 3.1 uses (01237) as the basis for a chain mixing inversion and transposition.  
The motive is first subjected to J3(01) ordered as RICH2, and then the resulting set is transposed 
down a perfect fourth.  The transformational pattern is repeated, now beginning on an RI-form of 
the motive.  With that ordering, a RICH presentation of the same J3-transformation is no longer 
possible: that J3 inverts around the semitone between the two lowest pitches in a non-inverted 
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form or the two highest pitches in an inverted form, which are now found in the first two ordinal 
positions rather than the last two.  The J3-relationship is still apparent, though, despite the 
absence of a RICH ordering.  Additionally, both that non-RICH J3-inversion and the two 
transpositions in the progression all include common tones that are repeated rather than 
overlapped, joining the transformations into a chain. 
Example 3.1.  Chain built from J3(01) and T-5 on (01237)
              The first two measures of the example form a cell that moves up sequentially by T2: the 
three iterations shown here start on E, F#, and G# respectively.  The distance between cells is 
equal to the sum of the intervals between the boundary notes (i.e., either the highest or lowest 
pitches in normal form) of each J-related pair plus the intervals of transposition in the chain.58  In 
the chain built on J3 and T-5, the first J-inversion expresses a descending tritone between 
boundary pitches, and the second an ascending tritone.  Those two intervals sum to 0, allowing 
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58  Focusing on either the top or bottom boundary pitch in each set is somewhat akin to finding the root of triads in 
tonal analysis and allows for a point of comparison between inverted and non-inverted set forms.  Either boundary 
note can be used for the purposes of calculating the interval of transposition so long as the analyst is consistent, 
taking the top note of both sets or the bottom note.
 An astute observer may have noticed that a chromatic scale is also embedded in that chain, as the first pitches of 
each measure spell out a series of ascending minor seconds.  This semitonal motion arises in a similar fashion to the 
interval of transposition between cells: the tritone found between the boundary notes of the J3-inversion combines 
with T-5 to form ic1.
the transpositions to control the underlying interval cycle.  The two T-5’s combine to form an 
ascending whole tone, so the cell moves along the 2-cycle.  
    
Example 3.2.  Chain built from RICH2 and T-5 on (01237)
              When two different J-inversions are used in a progression, they will no longer cancel 
each other out and will exert a more obvious influence on the underlying interval cycle.  
Example 3.2 demonstrates this principle using a variation on the chain from Example 3.1.  The 
first three sets are identical, but the fourth is different.  To preserve the RICH2 ordering that was 
broken in the previous example, a different J2-inversion is used here: that around (05) instead of 
(01).  The resulting sequence again repeats every two measures but now with a different interval 
of transposition.  Here, the top notes of the J-related pairs are E and Bb (with a distance of -6) and 
F and Eb (with a distance of -2); the transpositions are again two instances of T-5 (which sums to 
2).  The sum of these intervals is thus -6, making the chain an elaboration of the 6-cycle.  
              Progressions like these—as well as more complex elaborations—will always reduce to 
some kind of interval cycle skeleton, and the nature of that cycle will depend on the structure of 
the set being chained and on the precise transformations included.  Any of the inversion-based 
chains discussed below could be combined with transposition to create longer, more complex 
patterns or, conversely, to reduce the length of chains and limit the pitches traversed by the 
progression.  These chains can thus be considered prototypes that may be found in the musical 
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literature in these basic forms or in more elaborate embodiments, and the theoretical principles 
presented will apply equally to both possibilities. 
Example 3.3a.  An LP cycle on (037)
Example 3.3b.  A PR cycle on (037)
Example 3.3c.  An LR cycle on (037) 
Progressions Solely Using J  
              The triadic patterns based on P, R, and L shown in Example 3.3a-c reveal some typical 
features of J-based progressions.  First, such progressions will always be chains, since J-
inversions by definition always preserve at least one common tone.  Second, each is based on a 
pair of J-inversions.  Repeating the same J-inversion will only result in a return to the original 
set, so a chain cannot be produced in that way.  Including two (or more) different J-inversions, on 
the other hand, allows for a progression that moves away from the origin.  In order for a certain 
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set class to be subjected to any type of J-chain, therefore that set class must be J-able in at least 
two different ways.  Third, the pair of J-inversions found in each of the three chains is repeated 
until the progression returns to the original set.  Such repeated patterns—which can include two 
or more transformations and are known as generators—are a key characteristic of cycles, or 
progressions that ultimately lead back to their starting point.59  
Example 3.4.  Melodic line from Zwilich’s Septet, I: 6-7
              Fourth, the transformations are unordered and do not need to be overlapped: within any 
given chord, the pitches can appear in any register or temporal placement without disrupting the 
transformational pattern.  Consider the PL chain from Example 3.3a, for instance, which Zwilich 
has used in a number of pieces including the Septet (2010), the Piano Trio (1990), the Concerto 
for Trumpet and Five Players (1986), and the String Quartet No. 2 (1998).  The first three pieces 
feature RICH2 orderings of the chain.  Example 3.4 shows one instance of this from the Septet 
using the <-3-5> presentation.  The next two works feature the inverted <+3+5> pattern and will 
be discussed in detail later in the chapter.  The final work, however, arranges the PL chain 
harmonically (Example 3.5a).  Despite the varied realizations, though, it is clear that all of these 
excerpts stem from the same prototypical unordered PL progression.  While individual 
transformations of a chain may be ordered or unordered on the musical surface, it will generally 
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59 Cohn 1997: 24.
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mm. 1 3 4 5 6 102 12 13 14 15 17
OCT1,2
* an incomplete triad (the notes present belong to the overall 
scalar collection, but the missing pitch or pitches may not)
( )  transformation implied by the assumed quality of an 
incomplete chord
HEX1,2
Example 3.5b.  PL chains traverse the three octatonic regions in String Quartet No. 2, I: 1-17
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make the most sense to discuss them as unordered, particularly when looking at middleground or 
background relationships.
 Fifth, each complete transformational cycle produces a certain composite collection; on 
(037), for example, the PR cycle results in the hexatonic scale, PL the octatonic, and LR the 
chromatic.  Composers can exploit the interaction between such cycles and their underlying 
scalar collections.  One example of this from Einsame Nacht was discussed in Chapter 2, and 
another can be found in the opening measures of Zwilich’s String Quartet No. 2 (1998).  As seen 
in Example 3.5a, the work begins with the lone pitch A, which stands in for the AM tonic that is 
established by the end of the passage.  That initial note is elaborated by a series of descents to F# 
and subsequent returns, sketching out implied R motions followed by an assumed P to Am that 
triggers a PL chain.  
 Example 3.5b shows how those triadic motions interact with the overall scalar regions.  
The opening firmly expresses the OCT2,3 scale.  Though a complete AM or F#m triad would not 
fit in that collection, the notes present in each of the incomplete chords in mm. 1-3 do belong to 
the scale.  Aside leaving the quality of the tonic ambiguous, preserving the integrity of the initial  
OCT2,3 scale may be why the other pitches are missing from the chords.  In m. 6, the PL chain 
moves into the OCT1,2 region, with a brief traversal of the HEX1,2 collection along the way.  The 
chain ends on C#m, cutting off before its cyclic return to AM.  Zwilich hints at that chord with 
the A to C# grace note motion in the cello, but the music slides away chromatically without 
confirming the tonic chord. 
 Chromatic voice-leading in mm. 7-9 diverts the progression to the F#M triad of m. 10.  
That chord is then subjected to P and subsumed into the third and final octatonic scale, 
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completing Zwilich's exposition of those three collections.  Quick transpositions to Am and F#m 
lead to a continuation of the PL chain ultimately arriving on the AM that was expected in m. 6.  
Zwilich thus disrupts the initial PL cycle to delay the arrival of the full tonic chord and introduce 
the three octatonic collections plus the hexatonic scale, all of which are important sources for 
pitch material throughout the work.    
Example 3.6. A PRL cycle on (037)
              Chains can contain two different transformations—like those just mentioned—or more 
than two transformations, as in the PRL cycle on (037) given in Example 3.6.  Additionally, 
individual inversions or transpositions could be repeated within the generator used to build the 
chain.  The term transformation will be used to describe the number of distinct inversions or 
transpositions, while element will refer to the total number of transformations (distinct or not) 
within a chain’s generator.  Since the remainder of this chapter will focus on those chains built 
exclusively from J-inversions, a three-element generator will contain three J-inversions (two of 
which may be identical), and a three-transformation generator will feature three different J-
inversions, any of which may be repeated to form a pattern of more than three elements.
              Permitting generators of more than two elements, allowing for repetition of 
transformations within a generator, and mixing various cardinalities of J-inversions make a large 
number of different chains possible.  While a systematic exploration of all J-chains is beyond the 
scope of this chapter, a brief discussion of trichordal J-chains will give the reader some idea of 
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the possibilities.  Cohn 1997 provides a generalized theory of such chains (and the discussions in 
this chapter will very much be based on ideas from that article), but the J-framework permits 
some possibilities Cohn did not cover.  Additionally, his treatment of such chains is highly 
mathematical and abstract, so the illustrations of his ideas provided here are at the very least not 
redundant.  
Trichordal J1-Chains
              The only trichord that cannot be subjected to any sort of J-chain is (048).  Though this 
set class contains symmetrical subsets (i.e. any of its ic4 dyads), practically speaking, it is un-J-
able.  Any potential J-inversion (whether ordered or unordered) simply reproduces the original 
set, so chaining J-inversions of (048) will just result in a series of identities.  All other trichords 
can be J1-ed in at least two ways and thus can be J1-chained in at least one way.  Trichords with 
two distinct interval types will produce a pair of two-transformation chains, while those with 
three interval types will produce three.  
              Such chains can be unordered or ordered.  While some unordered chains cannot be 
subjected to RICH2, any combination of J-inversions can be ordered if one allows for uneven 
chaining and repetition of pitches.  While the number of J1-RICH2’s depends on the precise 
number of distinct intervals in the given trichord, the number of such unordered chains equals the 
set class’s weighted J1-ability.  Those numbers will differ only on set classes where there are 
distinct J1-operations for both inversional axes of the tritone.  For example, (016) has three 
distinct interval sizes—ics 1, 5, and 6—but a weighted J1-ability of 4, since J1(06) and J1(06) are 
distinct J1-inversions.  Therefore, (016) is capable of producing three RICH2’s, but six unordered 
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two-element chains: J1(06)-J1(06), J1(06)-J1(05), J1(06)-J1(05), J1(06)-J1(01), J1(06)-J1(01), and J1(05)-J1(01) 
(Examples 3.7a-b).
              The <+1+5> RICH2 is an ordered form of the J1(01)-J1(05) chain, the <+6-5> RICH2 is a 
manifestation of the unordered J1(06)-J1(05) chain, and the <+6+1> RICH2 embodies the J1(06)-
J1(01) chain.  RICH progressions on the three remaining combinations of J-inversions—those 
involving J1(06)—are possible if one adopts Moseley’s expanded definition of the transformation.  
These chains will involve the repetition of pitches within each set and uneven overlaps.  Example 
3.8 shows one instance of this: a <-1-6+6> RICH3-RICH2 chain manifesting J1(06)-J1(01).  While 
this progression is a clear elaboration of the 1-cycle since the repeated tritones cancel each other 
out, it is a legitimate ordering of the J1(06)-J1(01) chain.
Example 3.7a.  The three possible RICH2’s on (016)60
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60 The <+6+1> chain is actually realized using an alternation of ascending and descending tritones to keep the sets in 
a focused register.  Unlike the other interval classes, +6 and -6 result in the same pitches, so a <+6+1> pattern will 
produce the same notes as <-6+1>.  Direction symbols for the tritone will be given based on which seems most 
appropriate for a particular interval string, but the reader should keep this equivalence in mind.  For transpositions, 
only the T6 label will be used.
Example 3.7b.  The six possible two-element J1-chains on (016)
Example 3.8.  RICH3-RICH2 on (016)
Example 3.9. A PRP cycle on (037)
              Beyond the two-element chains discussed so far, those with generators of three or more 
elements are also possible.  As any two consecutively repeated transformations will simply 
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cancel each other out and all possible two-transformation, three-element orderings will involve 
such repetition, three-element chains must contain three distinct transformations.61  Example 3.9 
shows a chain on (037) generated by PRP.  The iteration of the pattern takes CM to Ebm.  Once 
that pattern begins to repeat, however, the first P of the second iteration undoes the last P.  The 
effect of the first four elements is thus equivalent to that of the initial PR.  The next R takes the 
progression back to Cm, and the final P returns the music to CM.  The whole cycle is thus an 
elaboration of a PP involution.  While such progressions certainly can be useful in actual music, 
they need no further theoretical discussion.   
              Three-transformation J1-chains can only be produced by those trichords with three 
distinct interval types (Example 3.10).  Aside from (037), this group includes six other trichord 
classes.  Most of these have a J1-ability of 3, allowing for one such chain each.  Two, however—
(016) and (026)—have a J1-ability of 4 and thus can produce four different three-transformation 
chains.  As with the PRL chain on (037), each of these returns to its origin after only two 
iterations of their generators.  While chains created by generators with an even number of 
elements will be equivalent to transposition, those built from odd-element generators will be 
equivalent to inversion.62  The first iteration of an odd-element generator will take the 
progression to an inverted set—relative to the origin, that is—along one path, and the second 
iteration will return the music to the start, moving through another sequence of sets.  For three-
element J1-chains on trichords, the sets traversed in the second half of the cycle will be 
completely distinct from those traversed in the first (aside from the origin). 
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61 Cohn 1997: 43.
62 Cohn 1997: 23.
Example 3.10.  Three-transformation chains on trichords other than (037)
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              For two- and three-element chains, the order of the transformations has no effect on the 
nature of the progression.  With two elements, swapping the transformations merely produces a 
retrograde version, and with three elements, all possible orderings are retrogrades or rotations of 
each other.  This is no longer true for chains with four or more elements.  The order of the 
component transformations will now determine whether or not a generator can produce a distinct 
chain, how quickly the chain will cycle back to its origin, and what the underlying the underlying 
interval cycle and composite collection are.
Example 3.11. A PRLR chain on (037)
              Four-element trichordal J1-chains can be created either using three or four 
transformations.  Such chains cannot be based on just two transformations, as duplicating both J-
inversions will either result in an pair of involutions (for example, PPRR) or two iterations of a 
two-element generator (for example, PRPR).  Any distinct three-transformation, four-element 
trichordal chain must use a generator of the form ABAC (or its retrograde).63  Any other type of 
generator will involve the consecutive repetition of one transformation, negating the effect of 
that operation.  For example, PRLL is equivalent to PR, while PRLR produces a unique chain 
(Example 3.11).  Other three-transformation, four-element chains will use generators of that 
same structure.  Four-transformation, four-element chains will be possible only on those set 
classes exhibiting a J1-ability of 4: (016) and (026).  These are shown in Example 3.12 and 
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63 Cohn 1997: 46-47.
Example 3.12.  Four-element J1-chains on (016)
Example 3.13. Four-transformation J1-chains on (026)
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Example 3.14.  A five-element J1-chain on (037)
Example 3.15.  J1-chains on (016) generated by five, six, and seven elements
3.13 respectively.  Each of those set classes supports six distinct four-transformation chains, 
exhausting all of the possible orderings for their four J1-inversions.
              Though no trichords have a J1-ability of 5 or more, generators with more than four 
elements can be created through the duplication of transformations.  Example 3.14 shows one 
possible five-element chain on (037).  This progression has the same basic structure as that of the 
three-element chains: two iterations of the generator return the cycle to its origin, each traversing 
a different group of sets.  Example 3.15 shows chains on (016) built from generators of five, six, 
and seven elements.  While the six-element chain spells out the 5-cycle, the odd-element chains 
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both return to the origin after two iterations of the generator, continuing the trends seen in two- 
and three-element chains. Unlike such chains with smaller generators, though, those built from 
larger generators may repeat a particular set in both halves of the progression.  In Example 3.15’s 
first chain, for instance, both C#-F#-G and C#-D-G appear in the first and second iteration of the 
generator.  Otherwise, chains built from such larger generators will behave in similar ways to 
those J1-chains with two or three elements.
Trichordal Chains Involving J2
               Chains involving transformations preserving a single common tone or those acting on 
larger set classes, which thus could retain more than two common tones between adjacent sets, 
are also possible and can be generalized in similar ways.  The latter possibility will typically 
follow the same tendencies as those demonstrated by trichordal chains and will only be 
commented upon briefly at the end of this section.  First, though, those progressions involving J2 
alone and in combination with J1 must be explored to complete the examination of trichordal J-
chains.  
              To support a J2-chain, a trichord must have a J2-ability of at least 2.  This means that 
fewer trichords are able to be chained solely using J2: whereas only (048) was unable to be 
chained using J1, neither that set class nor (016), (026), (036), or (027) can be chained using only  
J2.  The set classes with a J2-ability of 2—(012) and (024)—participate in one two-element 
chain.  Those with a J2-ability of 3—(013), (014), (015), (025) and (037)—can support three 
different two-element chains and one three-element chain.  The four possible J2-chains on (037) 
are shown in Examples 3.16 and 3.17; these clearly behave in similar ways to the J1-chains 
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discussed in the previous section.  No trichords have a J2-ability of 4 or more, so larger 
generators will only arise through the non-consecutive repetition of transformations as in the 
PRLR chain on (037).  
Example 3.16.  The three two-element J2-chains on (037)
Example 3.17.  The sole three-element J2-chain on (037)
              As mentioned above, mixing J1- and J2-inversions within a generator increases the 
number of possible chains.  When just using a single cardinality of J-inversion on (037), for 
example, only three two-element chains were possible.  Mixing J1 and J2 raises the number of 
two-element combinations to nine (Example 3.18).  For three-element chains, that increase is 
even more extreme: only one such J1- or J2-chain on (037) exists, while eighteen different ones 
can be produced by mixing J1 and J2.64  Two of these are shown in Example 3.19 to demonstrate 
the consistency of structure between such chains mixing J1 and J2 and those solely using one 
cardinality of J-inversion: again, these return to the origin after two iterations of the generator, 
each of which includes a different collection of set class members. 
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64 While the six different transformations can be grouped into three elements twenty different ways, one of those 
combinations will be the three J1-inversions and another will be the three J2-inversions.
Example 3.18.  All two-element J1/J2-chains on (037)
Example 3.19.  Selected three-element J1/J2-chains on (037)
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              When J1 and J2 are combined in larger generators, the possibility again arises for sets to 
appear in both halves of the progression.  This can be seen in Example 3.20, a seven-element 
chain employing the three neo-Riemannian transformations and their obverses with one 
inversion used twice (P’).  As is expected for chains with an odd number of elements, two 
iterations of the seven-element pattern return the music to its starting set.  The second iteration of 
the pattern begins on a minor triad, and the progression follows a new sequence of triads instead 
of retracing the initial path.  However, two different triads appear in both halves of the 
progression: C#m is both the sixth and fourteenth chord, while AbM appears as the seventh and 
thirteenth.  Along with the original CM, these chords act as a structural skeleton within the chain: 
CM-C#m-AbM-AbM-C#m-CM, spelling out P’L’L’P’.  That progression could be used as a 
reduction of the longer chain, or, conversely, the longer chain could appear as a composed-out 
version of the shorter one.  Such an approach to using J-chains can be found in Zwilich’s 
Quintet, analyzed in Chapter 4.
Example 3.20.  A seven-element chain on (037)
              As with the J1-chains discussed above, order will play an important role in the 
realization of J1/J2-chains whose generators contain four or more elements.  Examples 3.21 and 
3.22 both use the transformations P, P’, R, and R’ on (037) to generate a chain.  The first features 
the order just given, while the second instead presents the pattern PRP’R’.  Two different chains 
result: the first presents a cell of four chords that is then repeated at T1, continuously moving the 
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progression up the chromatic scale (though only a portion of this progression is shown here 
because of its great length); the second presents a different series of chords that repeats at T-3, 
composing out a fully diminished seventh chord and returning to the origin after only four 
iterations.  Although these examples use two instances of J1 and two of J2, different orderings 
will still result in distinct chains when one J1 is combined with three J2s or vice versa.  
Additionally, that principle will hold for chains with generators of more than four elements.
Example 3.21.  A portion of a PP’RR’ chain on (037)
Example 3.22. A PRP’R’ chain on (037)
              Though the examples for chains of more than three-elements have focused on (037), the 
conclusions drawn in the discussion above are equally valid for the remaining trichords and can 
be extended to larger set classes.  Jx-ability determines whether or not a set class can be Jx-
chained and how many such chains will be possible.  Similarly, the number of Jx/Jy-chains will 
depend on the combined Jx- and Jy-ability.  Additionally, chains involving three or more 
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cardinalities of J-inversion can be found on tetrachords and larger set classes, the number of such 
chains again being dependent on the combined J-ability for the relevant cardinalities.   
              While the discussion of progression has been largely theoretic thus far, chains of J-
inversions and progressions mixing transposition and J-inversion are frequently used in Zwilich’s 
music.  In fact, many of the examples that will be used to demonstrate the other methods of 
combination—layering, linking, and embedding—feature progression as well.   
Linking
              Linking occurs whenever two J-inversions on different set classes are joined by a 
common subset (typically a dyad or even a single pitch) overlapped on the musical surface.  
While J-inversion itself preserves set class, linking uses a common element to join processes 
acting on different set classes.  That ability is an important characteristic of linking and the two 
remaining methods for combining J-inversion yet to be discussed.  
  
Example 3.23.  Linking in the vocal line of Einsame Nacht, III: 26-35
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              Linking can be seen in the vocal line of mm. 26-35 from Einsame Nacht’s third 
movement (Example 3.23).  The first four pitches present a two-set <+1-5> RICH2 on (015), 
while pitches 3-6 manifest a new <+1-3> RICH2 on (013).  The two chains are linked by their 
shared B-C dyad, and the final pitch of the second chain in turn starts a third RICH2, a <-1+5> 
chain on (015) related by inversion to the first RICH.  That link spans a measure rest in the vocal 
part, thus creating a connection across the phrase break.  Another series of linked RICHes begins 
with the D of m. 31: a <-5+2> RICH2 followed by a <-5+4> RICH2 and a second <-5+2> RICH2. 
The first chain is deficient by one pitch—the C# that concludes the <-1+5> RICH2—but the 
inclusion of a similar non-deficient chain later in the passage retroactively strengthens the first 
RICH’s presence.  Each consecutive pair of chains is linked by ic5, and the series again spans 
rests and a phrase break in the vocal line.  As mentioned in the previous chapter, this strategy can 
be seen throughout all six movements of Einsame Nacht and helps to tie the vocal line together. 
              Both the first and second linked groups can be productively analyzed in terms of Cohn’s 
transpositional combination (TC), which occurs whenever one set is transposed by another set.65  
While trichordal RICHes will always be analyzable as TC, that approach will be particularly 
beneficial when a series of RICHes feature a shared surface interval class as in these linked 
chains.  The first three RICHes of Example 3.23 all involve moving the semitone by a different 
distance: first by ic4, then by ic2, and then again by ic4.  Cohn shows such operations using a 
notation where the name of the set or interval class is followed by a * and the name of the set or 
interval class by which it is transposed.66  The TC operations used here would be then 1*4, 1*2, 
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65 Cohn 1987: 7.
66 Ibid: 8-9.
and 1*4.  The second series, on the other hand, is focused on ic5 and includes the TC operations 
5*3, 5*1, and 5*3.  
              Since Cohn’s nomenclature focuses on set classes, however, the directionality of the 
intervals by which the first operand is transposed gets lost.  A possible alteration to his system 
would be to use directed interval strings whenever such information is important.  The fact that 
the order of the notes in each interval being transposed might change (highest first for some, 
lowest first for others) will not affect these ordered TC labels; rather, each will be taken as an 
abstract interval class, not a directed interval.  The first three linked RICHes thus convey the 
overall pattern 1*<-4-2+4>, while the second expresses 5*<-3+1-3>.  That second chain thus 
transposes ic5 along a <-3+1> RICH2 on (013) and can be seen as an elaboration of the similar 
surface chain found in the first half of the passage.
              While Zwilich frequently connects multiple RICHes with the same interval class link to 
create a sense of unity despite the changing set class content (like she did in the above passage), 
she also will link two brief RICHes expressing different trichord classes within a single larger 
collection.  This technique involves a somewhat opposite approach to the one just discussed: 
rather than using an interval class to tie together chains expressing different composite 
collections, here a single overarching set binds linked chains on smaller subsets.  Though the 
interval class(es) used to link the chains will still create some added consistency, the focus here 
is more on the larger grouping.   
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Example 3.24.  RICHes in the oboe line of the Quartet for Oboe and Strings, II: 51-55
 
              Zwilich’s Quartet for Oboe and Strings, II features this technique in the oboe line of 
mm. 51-55 (Example 3.24).  First, the composer introduces a <+3-2> RICH2 on (013).  A <+3-4> 
RICH2 on (014) is started, linked by ic3 to a repetition of the first RICH.  The pair of linked 
RICHes itself is then repeated.  These chains all express the same four notes (C#-D-E-F) in 
different orderings, so the effect is more of small fluctuations within that tetrachord than of 
directed motion.  Indeed, were the passage to be analyzed in terms of TC, its label would be   
3*<+1-1+1-1+1> to show that a minor third is simply being moved up and down by a minor 
second to create the octatonic tetrachord.    
Example 3.25.  Two RICHes interrupt each other in the Concerto Grosso, II: 12-16
              Another approach to linking can be found in mm. 12-16 of the Concerto Grosso’s second 
movement (Example 3.25).  In this passage, a single melodic line moves back and forth between 
an (037) RICH2 and an (013) RICH2.  Translated into J-nomenclature, the first is a J1(05)-J1(03) 
chain while the second is a J1(02)-J1(03) chain.  As is made clear by the J-labels, both chains 
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include J1(03) as one of the transformations, and the first two changes in set class use the common 
minor third as a pivot.  The last two switches manifest a sort of liquidation: the RICH fragments 
get shorter and the overlap decreases from two pitches to one.  The final instance of (013) in the 
passage returns to F—the pitch class that began the second RICH and the root of the triads that 
opened the first RICH—marking the essential conclusion of the passage.  Though the main goal 
of the line is reached in this measure, Zwilich does manage to include the (013) RICH2’s next 
note by repeating m. 16 four more times as an ostinato.  Since D# is the first pitch of that 
measure, the RICH2 extends across the barline with each repetition, so the note that was 
anomalous as the downbeat of m. 16 comes to make perfect sense as the RICH2’s continuation in 
mm. 17-20.  Interestingly, F#—which would follow after D# in the (013) RICH2—appears on the 
downbeat of m. 21 to end the ostinato.   
              While using shared subsets to link RICHes or other J-inversions on different set classes 
is a technique Zwilich uses throughout her career, the perceptibility of the individual chains is 
not usually as pronounced as in the Concerto Grosso passage.67  Typically, the component 
RICHes involve only two sets, and the overall focus is either on the TC relationships or on the 
composite collections.  In the Concerto Grosso example, however, the chains feel like two 
ongoing processes struggling to control the trajectory of the music.  
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67 Aside from the examples discussed here, the strategy also can be found in Trompeten (1974), mm. 8, 22-23, and 
32-33; Episodes for Violin and Piano (2004), II: 26-8; and many other works.
Example 3.26.  Linked RICHes in the vocal line of Einsame Nacht, III: 13
              Linking can also be used when J-inversions act on set classes larger than a trichord.  The 
the vocal line of m. 13 in the second movement of Einsame Nacht features linked RICHes on 
tetrachords as well as one trichord (Example 3.26).  This passage—which concludes the vocal 
part of the movement—starts with a variation of the <+3-2-5> RICH2 on (0237) that opened the 
song.  That first RICH2 is linked to a <-5-5-1> RICH2-RICH3 on (0127) through a shared Bb-F 
dyad.  As part of that progression, a brief <-5-1> RICH2 on (016) occurs on the pitches F-C-B-
F#.  In this case, that byproduct turns out to be significant as another similar RICH2 occurs at T1, 
beginning on the last pitch of the first such chain and including the pitches F#-C#-C-G.   
              In addition to having its start overlapped with the previous (016) RICH2, the second 
such chain is linked to the <-5-5-1> RICH2-RICH3 by three pitches.  F#, C#, and C belong to 
both the chain on (0127) and the final brief RICH on (016).  The C# and C plus the G that 
completes the (016) RICH2 can be interpreted as the start of a partial (0127) that would have 
continued the RICH2-RICH3 progression but breaks off before an expected D.  This feeling of 
incompleteness is compounded by the fact that the (016) chain formed by that truncation ends 
before returning to its own origin.  The next pitch that would follow in the (016) pattern is F#, 
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the pitch that linked the first and second RICHes on (016).  Neither that goal nor the D implied 
by the <-5-5-1> chain is achieved: instead, Zwilich moves to A, leaving the vocal line to end on 
a pitch that seems seems out of place and filled with tension.  Given the text of this passage—
which translated in the score as “Since I learned in my heart that Love can die”—choosing a 
pitch that denies the implications of the preceding processes seems perfectly appropriate. 
              Though the excerpts shown in this section have all featured J-inversions ordered as 
RICH, linking can also occur on unordered transformations.  Example 3.27 shows mm. 38-42 of 
the Concerto Grosso’s second movement: the J-related pairs of (013458)s are linked to a brief    
<+3+5> RICH2 on (037) via the main motive’s final minor third.  As discussed in Chapter 2, the 
hexachordal J-inversion of the motive is unordered, though the RICH2 with which it is 
overlapped is of course ordered.  Situations where both linked transformations are unordered are 
also possible, despite being uncommon in Zwilich’s work (mainly because of her preference for 
ordered transformations).      
Example 3.27. An unordered J1-inversion linked to a RICH2 in the Concerto Grosso, II: 38-42
Layering
              This category represents the most straightforward way to combine J-inversions: layering 
simply involves one or more J-inversions in a certain part occurring simultaneously with one or 
more J-inversions in another part.  A clear example of this can be found in the opening of 
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Example 3.28.  Score of the Piano Trio: 1-6
Zwilich’s Piano Trio (Example 3.28).  The first five measures of the piece feature a canon 
between the violin (doubled two octaves below by the cello) and the piano, where various 
trichordal RICHes are presented in turn.  Once the piano has reached the first RICH—a <-3-4> 
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RICH2 on (037)—the violin and cello are in the middle of a different <+3+5> RICH2 on (037) 
that then transitions to a <+3+3> RICH2 on (036).  After the strings move on to their (036) 
RICH, a <-3-3> RICH2 on that same trichord briefly appears in the piano before the <-3-4> 
RICH reasserts itself prior to the end of the passage.  This short excerpt thus features the layering 
of RICHes on two different set classes in three different combinations: both layers playing 
different RICHes on (037), strings on (036) and piano on (037), and both layers playing different 
RICHes on (036). 
 Progression and linking can also be seen in this example.  As discussed above, RICHes 
that span more than two sets are transformational chains, so both the <-3-4> and <+3+5> 
RICHes are examples of progressions.  Linking occurs in m. 4 between the strings’ <+3+5> 
RICH and their <+3+3> RICH, which share the ascending minor third C#-E.  Similarly, the 
piano’s <-3-4> RICH and <-3-3> RICH in that same measure are joined by the descending third, 
F-D.  This example thus includes three of the four methods for combining J-inversions.
Embedding
 Unlike the previous methods of combining J-inversions, embedding features the 
interaction of multiple different structural levels.  In this technique, one or more J-inversions at 
the local level hang off of one or more pitches participating in a deeper middle- or background 
process.  The second movement of Zwilich’s Concerto Grosso features a straightforward 
example of a RICH elaborating a J1-inversion.  As mentioned previously, the main motive of the 
work includes a pair of overlapped J1-related (013458)s.  In mm. 44-45 of the second movement, 
Zwilich takes the <-3+4> pattern at the end of the motive’s first hexachord and uses it to start a 
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RICH2 on (014), delaying the arrival of the J-related pitch while also capitalizing on a potential 
present in the main motive from its inception. 
Example 3.29.  An embedded RICH elaborating a J1-inversion in the Concerto Grosso, II: 44-46
 As seen in Example 3.29, the chain spans six members of the set class—F#-D#-G, D#-G-
E, G-E-G#, E-G#-F, G#-F-A, and F-A-Gb—though the final form is deficient by one note: the 
minor third of the RICH is filled in by a passing G leading to the octave-displaced Gb that should 
have come next in the chain’s pattern.68  The Bb that completes the J-inversion is found as the 
highest voice in the chord that arrives on beat 1 of m. 46.  The Gb of the RICH is also present in 
that chord, and in fact, the Bb that completes the J1-inversion on (013458) could be interpreted as 
belonging to the RICH as well: the A to Gb descending minor third would be followed by an 
ascending major third to Bb.  
 The degree to which the main motive dominates the piece alone is a convincing reason 
why this relationship will be perceptible, yet Zwilich further prepares the listener by including 
the exact same J-inversion just a few seconds earlier.  As discussed in relation to Example 3.27 
above, the main motive occurs in mm. 38-42 at the same T-level.  There, the J1-related pair is 
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68 Concluding a RICH by filling in the final interval with stepwise motion is a technique Zwilich frequently uses: 
other clear examples can be found in the Quintet, I: 7-8 and LUVN BLM, I: 49.
presented without any deficiencies, and a linked RICH occurs after the seven-note main motive 
has been heard in its entirely, priming the listener for the elaborated version that follows.
Example 3.30.  A <+3-1> RICH elaborated by a pitch motive (boxed), J1, RICH, and arpeggios
in Zwilich’s String Quartet No. 2, III: 34-43
 A more complex example of embedding can be seen in the third movement of Zwilich’s 
String Quartet No. 2 (Example 3.30).  In mm. 34-43, the first violin melody is based on a 
stepwise ascent from A to B to C#.  The passage begins with a held A twice elaborated by the 
<-1-2+2+1> motive that opened the work (boxed in the example).  In the third measure of the 
excerpt, a <+3-1> RICH2 begins, and the first four pitches of the chain serve as a symmetrical 
subset around which a J1-inversion occurs: the D on the second eighth note flips around E-F#-G-
A to become the B on the second eighth of the next measure.  The other pitches in that bar spell 
out a <+3-4> RICH2 leading up to B, the next main pitch in the passage’s ascent.  
 Once reached, the B is ornamented by a rhythmic variation of the motive from mm. 
34-35, and an arpeggio brings the B3 up to B5 for a repeat of the motive.  Another arpeggio in m. 
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41 takes the B up one more octave and in the process reiterates the G#-B pitch classes that 
formed the last dyad found in the RICH.  The arpeggio in m. 39 can easily be heard as that of an 
EM chord because of the G#’s in the viola and cello (and the enharmonically equivalent Ab 
earlier in the measure).  The arpeggio in m. 41 outlines a G#m triad, forming L with the 
preceding EM.  Though not shown on the example, this relationship further contributes to the 
drive of this passage.
 In the next measure, A# and C# continue the RICH and complete the stepwise ascent to 
the highest note of the passage.  The RICH thus spans mm. 36-43 and is in fact foreshadowed by 
the emphasis on the F#-A minor third bounding the neighbor figures of the previous two 
measures.  This passage shows a clear instance of J-inversions operating on multiple levels: the 
J1 of mm. 36-37 is a foreground element, while the triadic L and the <+3-4> RICH are more in 
the middleground and the extended <+3-1> RICH exists on a still deeper level.  
 Though this analysis has focused on the embedding in the violin line, progression and 
layering also play a role in these measures.  The RICH is a transformational chain based on J1(01) 
and J1(03), embodying the idea of progression.  There are also additional J-inversions in the other 
three instruments’ supporting counterpoint, exemplifying the technique of layering.  In actual 
music, it is very typical to have multiple approaches for combining J-inversions used at the same 
time as seen here and in the opening of the Piano Trio, both of which feature three different 
strategies for combining J-inversions.  Two final examples will show all four methods at work 
simultaneously.
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Example 3.31.  Quasi-canonic RICHes in Zwilich’s Piano Trio, I: 39-44
Zwilich’s Piano Trio, I: 39-44
 The violin and cello of Zwilich’s Piano Trio, I: 39-44 features progression, layering, 
linking, and embedding.  As seen in Example 3.31, the passage is based on quasi-canonic 
counterpoint where the violin enters first with a subject based on a pair of two-set RICHes—a    
<+3-1> RICH2 on (013) and a <+3+1> RICH2 on (014).  In the violin’s version of the melody, 
the two chains are linked by an Eb-F# minor third, but that link is interrupted by a deviant Ab on 
beat 1 of m. 41, rendering both chains deficient by one note.  The cello enters with a simplified 
version of the subject one measure after the violin.  There, the two RICHes occur in succession 
with no linking.  Additionally, the (014) RICH is shortened: while the violin’s chain on that set 
class includes three sets (marking a brief progression), the cello’s chain includes only two sets.
 Layering, linking, and progression can all be seen in the above analysis, yet further 
combinations of J-inversions can be revealed by examining the combined pitch content of the 
passage.  The composite line created by the two voices includes additional J-relationships (both 
ordered and unordered) on the trichordal and hexachordal levels.  Example 3.32 gives multiple 
interpretations of this passage: underneath the original violin and cello parts, the first staff shows 
the RICHes in the composite line; the next three staves trace triads, (014)s, and (016)s 
respectively; and the bottom staff follows the hexachord (013478).  
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Example 3.32.  Multiple interpretations of the composite line created in 
Zwilich’s Piano Trio, I: 39-44
 Five RICH2’s are created in the composite line. The first two are both on (037) and 
manifest the pattern <+3+5>.  Since these share the same interval string and are overlapped by 
one pitch, it is also possible to interpret these two trichordal chains as a single hexachordal 
RICH5: the pattern <+3+5+3+3+5> is embodied by pitches 1-6, while pitches 2-7 present its 
retrograde-inversion.  Pitches 1-8 represent a RICH3-RICH2 on the pattern <+3+5+3+3>, and 
pitches 3-8 actually present yet another RICH, a RICH2 on tetrachord (0147) using <+3+3+5>.  
The multiplicity of interpretations for these opening pitches stems from a simpler underlying 
progression, however.  The triadic analysis reveals a PP’ chain where the two moving voices of 
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P’ are staggered to create the passing diminished triads formed by notes 3-5 and 6-8.  That chain 
ends in m. 42 on GM, which is preceded by an embedded L-related Bm triad.
 The F# of that Bm triad in turn starts a new (014) RICH2 presented as <+1-4> and 
manifesting P.  The final E-Eb of that short RICH links to a (016) RICH2.  That transformation is 
another instance of P, so that particular J1-inversion—around the smallest interval class—is 
applied to all three main trichord types in the passage, helping to create unity among the diverse 
pitch materials.  The (016) RICH then links back to another (014) RICH2 at T4 to the previous 
one.  In fact, all of the notes of the (016) RICH arise from a larger progression acting on (014): 
the first two and last two iterations of (014) are related by P, while the second and third are 
related by L’.  The (016) RICH is thus embedded in a PL’P progression on (014). 
 Aside from the shared processes that relate the three trichord types, an underlying chain 
of (013478)s creates a sense of coherence in the excerpt.  These are given on the bottom line of 
Example 3.32, while Example 3.33a-c shows exactly where in the original music the six 
hexachords are found since they overlap in inconsistent ways.  In Example 3.33a-c, the prime 
forms of the set class are shown in dashed boxes and the inverted forms in solid boxes.  The 
hexachordal progression uses two different types of J1 and one transposition on the set class, 
resulting in the pattern: J1(01478)-T3-J1(01478)-J1(01348)-J1(01478).  
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Example 3.33a.  Hexachords 1-2 in Zwilich’s Piano Trio, I: 39-44
Example 3.33b.  Hexachords 3-4 in Zwilich’s Piano Trio, I: 39-44
Example 3.33c.  Hexachords 5-6 in Zwilich’s Piano Trio, I: 39-44
 Additionally, the three discrete pairs of adjacent hexachords shown in Example 33a-c are 
related by transposition.  The first and second pairs are at T3 to one another (though the order of 
the hexachords is reversed), while the second and third are related by T4.  These hexachord pairs 
thus spell out the trichord (037), which saturates the first three measures of the passage (and the 
piece as a whole).  Though the <+3+4> presentation is not found on the musical surface, its 
inversion <-3-4> plays a prominent role throughout the first movement.  Examining the passage 
in terms of both the trichordal and hexachordal levels thus reveals an important interaction 
between foreground and middleground that would not otherwise be obvious.
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Example 3.34.  Progression, layering, linking, and embedding 
in the Concerto for Trumpet and Five Players, I: 1-4
Concerto for Trumpet and Five Players, I: 1-4
 All four methods for combining J-inversions are also present in the opening of the 
Concerto for Trumpet and Five Players (1986): linked RICHes are layered on top of one another, 
as different lines emerge and then are absorbed back into the overall texture (Example 3.34).  In 
the first measure, the trumpet introduces one of the work’s main motives, an arpeggiated BbM 
triad that moves to its parallel minor.  The ensemble picks up the Bbm chord and initiates a PP’ 
progression on (037) ordered as a <+3+3+5> RICH2-RICH3.  The music moves through a 
passing Bb˚ to AM and continuing with Am, passing A˚, AbM, and Abm.  At that point, the pattern 
would have continued with a fleeting G#˚ chord on the way to GM, a triad that later becomes 
important as the dominant to C.  The avoidance of GM here allows that chord to remain fresh for 
its eventual appearance as the herald to the new key area.  
 Instead of continuing the PP’ chain to GM, Zwilich replaces the expected P’ with L, and 
the Abm chord moves to EM.  That is followed by P to Em, where the G expected in the original 
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PP’ chain is now heard in the context of the new PL cycle.  This second chain realizes a latent 
potential of the opening gesture.  The <+3+5+3> RICH2 of D-F-Bb-Db could have continued with 
another ascending fourth to F#, creating a PL chain.  Similarly, C#-E-A-C would have moved to 
F in such a pattern.  The actual PL cycle in m. 2 thus capitalizes upon an opportunity missed by 
earlier segments of the line.
 Once begun, that cycle moves completely through its corresponding hexatonic collection, 
yet its presentation is more complex than that of the truncated PP’ chain.  The PP’ progression 
begins in the trumpet and is transferred to the accompaniment when the soloist moves on to other 
material, namely a series of linked RICHes: the final three notes of the first <-2+1> RICH2 on 
(012) become the first three of a new <+1-2-2> RICH3 on (0124), while the final two notes of 
that second chain start a third <+1+2> RICH2 on (013).  
 Underneath those linked chains, the PL cycle begins in the ensemble but then becomes 
split between solo and accompaniment as its notes are embedded in other lines.  The C and Eb are 
part of the trumpet’s <+1+2> RICH, while the final G# is part of a new <-2+3> RICH2 on (013) 
in the ensemble.  The completion of the PL cycle is thus obscured as new musical processes 
move to the fore.  These shifting waves of transformations continue after the opening: the final 
C# of the trumpet and the F# in the ensemble become part of an F#m triad in the next measure, 
signaling the start of a different PL cycle on (037).  Zwilich very often arranges her pitch 
processes so that one begins as another ends; this plays a large role in the sense of continual 
motion and forward momentum that characterizes her music.   
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Conclusion
 Chapters 2 and 3 have shown some of the ways J-inversions can be used individually or 
in combination.  As the discussions have focused on small-scale examples taken from a variety 
of works across Zwilich’s career (with some purely theoretical examples included where 
necessary), they have mainly dealt with the musical surface and middleground.  J-inversion can 
also be used on deeper levels of structure, however.  The final chapter of this dissertation will 
present an analysis of Zwilich’s Quintet (2011) to show how J can operate on both the surface 
and background levels of a single composition. 
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Chapter 4: Zwilich’s Quintet (2011)
 Zwilich uses J-inversions to shape both the musical surface and the underlying 
architecture of her Quintet (2011).  All three movements feature local RICHes and other J-
inversions.  Additionally, J1, J2, and a limited number of transpositions relate instances of one 
hexachord class to create large-scale harmonic structures within the second and third movements. 
 The first movement is primarily based on triads combining in different ways to form a 
variety of larger set classes.  It is related to the rest of the work mainly through subtle motivic 
connections, quotations, and the use of J (see Example 2.8 for one instance of this).  The other 
two movements are more intimately connected because of the hexachord that dominates them 
both: one of the most salient elements in the second and third movements is a six-note blues 
scale,  occurring most frequently as A-C-D-Eb-E-G.  This hexachord is a member of set class 
(012479), which has two interesting characteristics Zwilich exploits in the work: a series of 
inversionally related (025) subsets with the potential for RI-chaining and a high degree of J-
ability.  Both elements exert great influence over the musical surface of all three movements, 
while the second also plays a structural role in movements II and III.
(012479) and Trichordal RICHes
 Example 4.1 presents the blues scale at its main transposition level in the piece, annotated 
and ordered to highlight the embedded RICH2 on (025).69  That chain is a portion of the RL cycle 
shown in Example 4.2, which only completes after moving through all twelve chromatic pitches 
twice and traversing all of the pentatonic scales in succession.  Within that cycle, the starting 
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69 This is presented here in a descending pattern since Zwilich uses the scale most frequently in that direction 
throughout movements II and III.  
note D returns after E, but the following note is no longer C.  Instead, the second D moves to B 
and continues through the remainder of the lengthy chain.  In the six-note blues scale, the 
flattened fifth degree breaks the <-2-3> pattern and causes the RL cycle to end.  This chromatic 
note often functions as a passing tone between two structural pitches within the RICH, and 
Zwilich sometimes fills in other important intervals (both in this RICH and in other pitch cycles) 
in a similar fashion.  In addition to the arrangement shown in the examples above, the (025) also 
supports RICHes arranged as a <+5-2> LP cycle (which shows up in the harmonic structure of 
the B section) or a <-3+5> PR cycle.  Each of those presentations can be deemphasized or 
emphasized on the musical surface, and the process of retrograde-inversional chaining can be 
applied to other sets as well, linking diverse pitch materials through that shared treatment.  
Example 4.1.  An embedded (025) RICH2 in (012479)
Example 4.2.  The complete RL cycle on (025) presented as a <-2-3> RICH2
 When (012479) is introduced in II: 5, the ordering of the pitches obscures the potential 
for RICH: the cello and bass (doubling at the octave) move down the notes of the blues scale 
from A to A (see Example 4.3).  This first presentation highlights stepwise motion within the 
hexachord and functions as an important motive in II and III, linking iterations of the walking 
127
bass-line and appearing in various other melodic contexts.  Another main idea of the movement 
instead emphasizes the alternating major seconds and minor thirds: the viola’s “blues-like” 
melody of II: 10-12 skips down and up the (025) RICH2 (Example 4.4).  The first half of the line 
circles around the tonic, focusing on the portion of the chain that spells an Am7 chord.  A passing 
Eb fills in the descending major second to D, and an R’ transformation flips the G-E-D trichord 
onto D-C-A.  The chain restarts an octave lower, but a return to A in beat two of m. 11 obscures 
the RICH ordering before the melody lands on its final E.  This is the first place that particular 
RICH appears on the musical surface, and it remains a prominent motive thereafter: brief (025) 
RICHes appear as a byproduct of the blues scale throughout both the second and third 
movements. 
Example 4.3.  The first presentation of (012479) in the Quintet, II: 5
Example 4.4.  Use of (025) in the Quintet, II: 10-12
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Example 4.5.  A complete PL (HEX1,2) cycle in the Quintet, I: 7-8
 Zwilich also includes RICHes on other trichords.  L and P on (037) are particularly 
prominent in movement I and frequently appear in extended cycles like that shown in Example 
4.5.  There the music starts on F#m, completes one full motion through the HEX1,2 cycle, and 
begins a second pass that is truncated when a hexatonic pole (H)—filled in with a passing tone to 
help stop the momentum of the <-3-5> RICH2—replaces the PLP motions that would return the 
progression to its origin.  First defined in Cohn 1996, the term hexatonic pole refers to the 
relationship between the two triads in each hexatonic collection (014589) that have no common 
tones, or in other words, between a minor triad and the major triad whose root is a major third 
above.  The composite transformations PLP or LPL are equivalent to H, and on the rare 
occasions Zwilich uses this transformation, it generally functions as a skip within a PL cycle.  
The motive shown in Example 4.5 recurs at various T-levels six times during the first movement 
and returns again at the end of the third movement to close the work.  
 Zwilich’s inclusion of (014589) in the opening movement parallels that of (012479) in 
movements II and III: both collections contain an embedded RICH2, helping that shared process 
to unify the piece.  The hexatonic collection differs from the six-note blues scale in one 
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important respect, however.  All of the notes in the hexatonic collection participate in the RICH 
making the set class fully symmetrical, while the blues scale includes one non-symmetrical note.  
The hexatonic collection, therefore, is not J1-able, and in fact, any potential J2-operations simply 
map the original set onto itself.70  The hexachord functions as a fixed entity, occurring in whole 
or in part, yet not developing over the course of the movement.  Zwilich’s treatment of (012479)
—which is very much J1- and J2-able—is markedly more transformational. 
Example 4.6.  A short (037) RICH2 in the Quintet, I: 16
 Smaller trichordal RICHes on (037) and other set classes can be found in all three 
movements.  In addition to the complete cycles mentioned above, shorter portions of the (037) 
PL cycle saturate the first movement.  Sometimes, the presentation of such fragments is quite 
straightforward: as shown in Example 4.6, for instance, the upper strings and the piano play a 
<-3-5> PL RICH2 on (037) at m. 16.  This truncated statement moves through three of the 
possible six triads in the HEX3,4 collection.  Similar instances of PL or even just P (manifested as 
a <-3-5-3> two-set RICH2) occur throughout the first movement, as do more complex 
presentations.  At m. 11, for example, the piano uses P as a motive that is then transposed by T1 
(shown in boxes on Example 4.7a), creating the transformational pattern PP’P.  Example 4.7b 
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70 The set is J3-able around the two augmented triads; these transformations will take the original set to the two 
other hexatonic collections with which the original shares common tones.  However, it is more likely these 
relationships will be heard simply as transpositions.  
shows three RICH interpretations of the palindromic interval string aside from the <-3-5> 
trichordal RICH2 of the first three distinct pitch classes: a <-5-3-3> RICH3 on (0147) can be seen 
in notes 3-7, a <-3-5-3-3> RICH3 on (01347) covers notes 2-8, and a <-3-5-3-3-5> RICH4 spans 
those same seven notes.71
Example 4.7a.  Triadic interpretation of the piano line from the Quintet, I: 11
Example 4.7b.  Three RICH interpretations of the piano line from the Quintet, I: 11
   As seen in Example 4.8, mm. 73-74 present another variation of the original cycle in 
which a new transformation is introduced.  The passage begins with the same <-3-5> RICH2, but 
a repetition of -5 disrupts the chain.  The last -3 of the RICH2 begins a linked <-3-5-5> RICH3-
RICH2 on (01347), and this passage thus develops the RICH3 on that pentachord shown in 
Example 4.7b into a longer series of MUCHes.  The pattern ends when a final iteration of 
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71 See Chapter 2 for discussions of similar structures in Einsame Nacht, Quartet for Oboe and Strings, and A Poem 
for Elliott.
<-3-5-5> is aborted: -5 is replaced by -4.  That substitution allows for the emergence of another 
linked two-set <-5-3> RICH2 like the one at the start of the passage.  
 Like m. 11, this excerpt features a triad (again boxed in the example) being moved 
sequentially, now down by ic1 rather than up by that amount.  The overall triadic motions are 
indicated on the lower staff of the example, and here, though the music starts with P and L, the 
remainder of the P operations are replaced by L’ (one of the three triadic forms of J2).  This 
progression presents the triads Dm-DM-F#m-C#M-Fm-CM-Em, which do not form a hexatonic 
collection.  This passage thus disassociates (037) from the only clear scalar context in which it 
occurs during movement I. 
Example 4.8.  Linked RICHes in the Quintet, I: 73-74 
 Two brief RICHes on trichords other than (037) can be seen in the walking bass-line that 
first appears in II: 1-4, played pizzicato by the cello and bass in octaves (Example 4.9).  These 
four bars represent an important thematic idea in both movements II and III.  The bass-line 
includes eleven of the twelve chromatic pitches and is based on a <+2+1> motive that occurs in 
all four measures: prime forms on A, F, and C occur in the first three measures and an inverted 
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form closes the line.72  A RICH2 on (012) links the last prime form of the motive to the inverted 
form, as the D# in m. 3 initiates a <+1-2> chain.  When that starting pitch returns in m. 4, the 
chain seems to continue as D# moves to C#, but a descending minor second replaces the 
ascending interval to end the RICH2.  The D# and C# thus belong to both the <+1-2> RICH2 and 
the inverted motive form.  
Example 4.9.  The walking bass-line from the Quintet, II: 1-4
Example 4.10.  A <-1+3> RICH2 in the Quintet, II: 2-3
 A second RICH2 can be found in II: 2-3 if one takes into account both the bass-line and 
the piano dyad (Example 4.10).  There, the walking bass has the pitches Ab-G-Bb-C, while the 
piano supplies the A needed to create the <-1+3> RICH2: Ab-G-Bb-A-C.  The presentation is 
obscured by the instrumentation and octave displacement of the A, but the tripling of that note 
increases its aural presence, allowing the RICH2 to be subtly perceptible.  These types of fleeting 
surface patterns help to unify the work in two ways: first, the process of retrograde-inversion is a 
133
72 The entrances of the motive spell out the pattern <-4-5>, an arpeggiated major triad.  Further examples composing 
out surface motives at higher structural levels will be discussed below.  
common element of all three movements; and second, the miniature RICHes relate to the 
embedded RICHes of (014589) and (012479), two of the main pitch collections in the work.
Example 4.11.  All possible types of J1 and J2 on (012479)
The J-ability of (012479)
 Unlike the hexatonic collection, (012479) is quite fecund in regards to J-inversion: it can 
be subjected to J1 by preserving the pentatonic scale and J2 by preserving any one of four 
symmetrical subsets (see Example 4.11).73  J1 is used prominently in movements II and III, and 
two of the J2-operations also play significant roles: the second movement utilizes J2(0347) 
between consecutive hexachords, while the third switches to J2{2479}.  The two remaining types 
of J2 are not found between adjacent (012479)s in any movement.  Their absence suggests that 
Zwilich was not consciously trying to exhaust the main hexachord’s possible J-ability, but rather 
was focused on the content of the preserved subsets and the specific pitches that would arise 
from the J-inversions.  
 The subset (0127) only appears embedded within the entire hexachord and is emphasized 
neither melodically nor harmonically within any movement.  The absence of J2(0127) is thus 
perfectly consistent with the pitch language of the work, yet Zwilich’s decision not to use J2{0279} 
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73 An astute observer might note that (012479) in fact has another symmetrical subset of four pitches not cited in the 
above discussion of the set class’s potential J2-operations: the embedded minor seventh chord created by {0479} is a 
representative of set class (0358).  This subset does not produce a distinct J2 operation, however.  If one inverts 
around those four pitches, another note—the 2 in (012479), which serves as the axis of inversion—will map onto 
itself and thus serve as an additional retained tone.  J2{0479} is therefore identical to J1, and the hexachord class 
represents one of the special cases where the presence of a symmetrical subset of N-x notes does not produce a 
corresponding distinct Jx-operation.  
Example 4.12.  A cubic space relating members of set class (012479) through T5 (horizontally), 
T3 (vertically), and J1 (front to back)
cannot be explained using that same rationale.  Tetrachord (0257)—the set class preserved in 
different ways by J2{2479} and J2{0279}—figures prominently in the composition as a whole, so the 
nature of the preserved subset is clearly not an issue.  Instead, the precise pitches involved may 
be the reason the latter transformation is not found in the piece.  To the original six-note blues 
scale, J2{0279} would add the flattened and natural forms of scale degree 6 while J2{2479} instead 
supplies the natural supertonic and the leading tone.  Zwilich might have preferred to add the 
supertonic and leading tone rather than two forms of the submediant, perhaps feeling that the 


































possibility for why she chose to use J2{2479} over J2{0279} relates to the specific transformational 
paths used in movement III and will be discussed below.
 All twenty-four members of set class (012479) can be diagrammed in a three-dimensional 
toroidal hexachord space built from J1, T5, and T3.74  This space is unfolded in Example 4.12, 
where two planes of hexachord forms are shown.  The members of the set class that match the 
six-note blues scale compose the front plane, as Zwilich includes those most frequently in the 
Quintet.  The members who resemble the prime form of the set class—which include the minor 
pentatonic scale plus major scale degree three instead of flat five—are shown on the rear.  J1 
links the two planes, and forms within each are related by T5 along the horizontal axis and T3 on 
the vertical axis.  
 Though shown in an unfolded presentation here, the space connects to itself both 
vertically and horizontally, creating a tube and then a donut.  First, the bottom row of each plane 
wraps around to connect to the top row.  This forms a cylindrical space where each y-axis ring 
will contain the pitch classes of a fully diminished seventh chord.  Then, the right column of the 
space wraps around to map onto the left with an upward shift of one slot, closing the toroidal 
space.  This can be seen by focusing on the duplicate locations of a given hexachord form, for 
example [790234].  That set is the top node of the leftmost column and second node from the top 
in the rightmost column.  Though these are shown as separate locations in Example 4.12, they 
are really the same point in the toroidal space.
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74 This space is not the only option for relating these set forms visually, but it is the one most relevant to the ways 
















Example 4.13.  
All potential J1- and J2-transformations on 











Example 4.14.  
Transpositions of (012479) 
within the cubic space
 While the space was created using T5, T3, and J1 to represent the x-, y-, and z-axes, all J2-
inversions and two additional transpositions can be shown between proximate nodes.  J2{0279}, 
J2{2479}, and J2(0347) connect opposite corners of cube faces between planes, while J2(0127) cuts 
through each cube to connect a node on the front plane with one on the back plane (Example 
4.13).  The squares within each plane feature T2 and T4 as their diagonals (see Example 4.14).  
These transpositions are used sparingly but significantly in the piece, as will be discussed below.  
While other inversions are possible within any given cube (for example, two types of J3 connect 
the lower front nodes to the upper back nodes), those transformations do not play any significant 
role in the piece and are not shown here.  The two remaining types of transposition—T1 and T6—
do not connect adjacent nodes within the space nor do they fulfill any noticeable function in the 
work.  Example 4.15 summarizes the salient transformations found in the music, and the 
subsequent analysis will trace Zwilich’s deployment of those operations to reveal how she 


















Example 4.15.  Summary of relevant T- and J-transformations of (012479) within the cubic space 
 Typically, the composer applies those transformations to the pitch class content of the 
hexachords, not to the surface melodies and chords.  Occasionally, T may reflect an exact or 
minimally varied transposition of the musical surface: this happens with the T5 linking III: 4-8 
and 10-14.  As shown in Examples 4.16a and 4.16b, these excerpts present identical canons 
concluded by a unison scalar descent, with the only difference being the added piano doublings 
in the second passage.75  
Example 4.16a.  The musical surface of the Quintet, III: 4-8
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75 The opening three measures of the movement also express the [790234] hexachord found in mm. 4-8, but they do 
not have a corresponding repetition at T5.
Example 4.16b.  The musical surface of the Quintet, III: 10-14 (T5 of mm. 4-8)
 More often, however, T will relate pitch collections with different surface realizations; 
this occurs throughout the second movement and on the second T5 of III, found between mm. 
10-14 and 16-18.  Example 4.17 shows the score for the latter passage: a new canonic idea is 
introduced in the piano, answered by a variation of the previous canon’s head in the violin and 
cello.  Example 4.18 shows the underlying hexachords of the three passages.  Though they are all 
related by T5, the musical surface of the third is not a transposition of the previous two.  
Similarly, large-scale J-transformations—in other words, those that connect harmonic regions 
rather the trichordal J1s that saturate various melodies—do not involve exact inversions of the 
musical surface.  Instead, Zwilich uses these transformations to create a subterranean structure 
that supports disparate musical surfaces and enhances the sense of organicism in the work.
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Example 4.17.  A new surface realization of (012479) in the Quintet, III: 16-18
Example 4.18.  T5-related (012479)s in the Quintet, III: 1-18
J1 on (012479) in Movement II
 The overall architecture of the second movement includes two large sections plus a brief 
coda.  The first spans mm. 1-60 and includes (012479) alongside a number of other pitch 
collections.  The second starts as if it were a repetition of m. 1 transposed up by a major third, 
but quickly veers off course, coming to focus on the (012479) material found only intermittently 
in the first half.  Though J1 on that hexachord class can be found throughout the movement, its 
usage differs between the two halves: in the first, J1 typically acts as a form of local harmonic 
embellishment, emphasizing the composite hexachord (0123479); in the second, the 
transformation becomes directed, taking one set to its J1-associate before the music continues to 
another distinct form.  
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Example 4.19a.  The Quintet, II: 5
Example 4.19b.  Reduction of the Quintet, II: 5
 Use of J1 as harmonic embellishment first occurs in m. 5 when (012479) is introduced.  
In that measure, the strings present the hexachord in its blues-scale ordering, and the J1-
associated note, C#—which balances Eb around the fixed pentatonic scale—is found in the 
piano’s preceding A-C# dyad (see Example 4.19a-b).  Similar situations occur in mm. 10-12 and 
16-18.  In the first of those passages, the violin and viola present the hexachord in counterpoint, 
and the piano dyad of the preceding measure again provides the J1-related C#.  In m. 16, the 
piano’s A and C# now overlap with the strings’ blues lines, making the J1-relationship more 
prominent.  Later instances of J1 continue this trend toward greater salience.  
 The transformation’s next appearance at mm. 26-28 is much more noticeable.  As seen in 
Example 4.20, two J1-related forms of the hexachord can be found there: [3457T0] and 
[T03567].  Five of the seven pitch classes present are common to both collections, and the 
circled E’s and boxed Gb’s determine which of the two J1-related collections will be perceived at 
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any given time.  Zwilich is careful never to attack those notes simultaneously, so the music 
seems to swing back and forth between the hexachord forms depending on which of the two 
pitch classes was most recently sounded.  This alternation is resolved by beat four of m. 28, 
where the viola and cello chords have disappeared and the violin and bass play decisive melodies 
using only the notes of [T03567].  Though the music moves to other pitch materials after m. 29, 
the J1-related hexachords of mm. 26-28 return in mm. 44-47, again ending with [T03567].  Both 
excerpts express the composite septachord (0123479), and each instance of J1 in the first half 
serves to emphasize a particular tonic rather than progressing from one tonal region to another.76 
Example 4.20.  J1-associated pitches in the Quintet, II: 26-28
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76 Similar situations where J-related sets are intertwined creating the overall impression of a superset can be seen in 
mm. 10-12 of movement I, as well as in the Concerto Grosso.  See Chapter 2 for a discussion of this phenomenon in 
those cases.  
 The second half begins as a variation of the opening at T4 (Example 4.21).  The walking 
bass of the first four measures is heard without alteration (aside from the transposition and the 
addition of the viola), but at the fifth measure the music strays from the path set out in the 
opening.  A rhythmic and metric change in m. 65 signals that the music will no longer be a literal 
recapitulation, and from that point on, Zwilich focuses almost exclusively on the (012479) 
material that peppered the first section.  First, the music that originally introduced J1 on 
(012479) is rewritten to make that transformation more prominent.  The lower strings again 
present the hexachord in its blues-scale form, but that line is extended to overlap with the piano’s 
dyad, allowing for more of the J1-related hexachord’s notes to be presented simultaneously.  
rhythmic and metric change
extending (012479) in the strings
rhythmic change in the violin
 allows F to appear sooner
J1-associate F
walking bass does not return
cuts to 
blues line 
of m. 10 
T  of mm. 3-4
(viola added)
4
Example 4.21.  
The Quintet, II: 63-67 as a variation of II: 3-6, with J1-related hexachords shown in boxes
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 The violin’s melody—a quotation from Schubert’s Trout—is also altered to emphasize J1: 
after the first pitch, the rhythm proceeds in double-time, and the F at the top of the arpeggio is 
held as the viola and cello play a transposition of m. 10’s blues theme.  Originally, the climax of 
the Trout quotation was further away in time from its J1-associated hexachord, so the 
relationship was rendered latent.  At the corresponding place in the second half, J1 is clearly 
heard between the hexachords in the first two and last two beats of m. 67, so the overall effect of 
these three bars is a fluctuation between two J1-related collections similar to that found in mm. 





































Example 4.22.  
Corresponding (012479) relationships in the first and second halves of the Quintet, II
 Overall, the relationships between the hexachords interspersed throughout the first half of 
the movement are preserved in the second half, but cuts of non-(012479) material—like the 
deletion of the walking bass described above—make J1 and other transformations more salient 
144
(see Example 4.22).  Beyond deleting the walking bass material in mm. 6-9, Zwilich also 
removed everything originally found in mm. 12-15 and 19-21.  The J1-related hexachords 
[E14678] and [4568E1] occur without any separation in time, unlike the interrupted presentation 
of [790234] and [012479] at the opening of the movement.  Similarly, the T-5 relationship 
originally found between the hexachord of mm. 5, 10-12, and 16-19 and that of m. 22 is now 
found in consecutive bars.  In both halves, the following T5 motion is interrupted by measures 
containing pitches from the two surrounding hexachords, and J2(0347) occurs in consecutive 
measures.  Though the final appearances of (012479) in the first half are the J1-related [T03567] 
and [3457T0], the music continues further on its journey in the second half: the progression T5-
J2(0347)-J1 is repeated as a sort of transformational motive, returning the music to the original 
region of the hexachord space. 
Transformational Passes in II
 Zwilich’s use of (012479) can be shown as three passes through two main areas of the 
set-class space.  The initial T-level A-C-D-Eb-E-G contains work’s overall tonic A and is the most 
frequently used member of the set class, often serving as the start- and endpoint for various 
transformational passes.  That set also commonly appears as a central node around which the 
music gravitates.  Example 4.23 lists the measure numbers for all (012479) hexachords in the 
movement, along with a description of their presentation in the music and their relationship to 
the overall form.  
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Section Pass Sets MM Description
5-6 scalar motive in strings, J1-related pitch in piano
709234/ 
012479
9-12 2-part bluesy counterpoint, J1-related pitch in accompaniment
15-19 3-part bluesy counterpoint, J1-related pitch in accompaniment
A 1
2479TE 22-24
variation of scalar motive in piano, answered by cello variation 
of bluesy melody
790234 25 cello variation continues
3457T0/ 
26-29 variation of scalar motive in piano, J1-related pitch in strings
T03567
44-47
variation of bluesy melody with J1-related pitch in 





scalar motive in one layer and J1-related pitch in another, 
followed by 2-part bluesy counterpoint
2
68E123 70-72
variation of scalar motive in piano, answered by viola/cello 
variation of bluesy melody with accompaniment chords
E14678 73 viola/cello variation continues
789E24/ 
2479TE
74-77 variation of scalar motive in piano, J1-related pitch in strings
790234 78




79-80 variation of scalar motive in piano, J1-related pitch in strings
790234 81-82
variation of bluesy melody in strings with counterpoint in 
(T)03567/ 
790234





ll i  i  i
(T)0356(7) 91
a vo ces n un son
790234 92
9E2456 93-97 variation of scalar motive in piano, quote of “America, the 
790234 99-100 Beautiful” in strings
Coda
709234/ 
107 scalar motive in piano, J1-related pitch in strings
012479 112-11
7
scalar motive in strings, J1-related pitch in piano
Example 4.23. Table showing corresponding measure numbers and descriptions 
of all (012479)s in the Quintet, II
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 As seen in Example 4.24, the first pass through the set-class space accounts for all 
appearances of (012479) in the first half of the movement and corresponds to the first line of 
Example 4.22.  That pass begins with the [790234] in m. 5 discussed above and hovers around 
that node as different transformations are gradually introduced.  The music explores the J1-
relationship in mm. 5-6, 10-12, and 16-19.  It then switches to T-5 and T5 in mm. 22-25, gaining 
momentum as the motions become more teleological.  The T5-J2(0347)-J1 progression (moves 4-6) 
represents the first strongly directed motion of (012479) in the piece; these transformations 
















Example 4.24.  First pass through the hexachord space in the Quintet, II: 1-47
 The second half of the work begins in a region at T4 to that explored in the first half 
(Example 4.25).77  The correspondences between the two sections were shown in Example 4.22.  
As shown in Example 4.26, the moves are identical, but they occur more quickly because of the 
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77 A T1 motion exists between the last (012479) form of the first half and that which begins the second half.  This 
relationship (acting on the main hexachord) does not play a particularly prominent role in the piece, and the 
inclusion of other material inserted between the two hexachords deemphasizes the connection.  As the music restarts 
with the opening material, I believe the T4 relationship between m. 1 and m. 65 is more significant, so I have chosen 
to restart the transformational path without showing the T1 move.  
absence of other material.  Thus, the pattern that was spread out across the first forty-seven 
measures now occupies only fourteen bars.  As the second half is comparable in length to the 
first, this leaves time for additional progressions.  T5 returns the music to the initial hexachord 
form in m. 78, and the third pass begins at the first pass’s origin.  The first two moves of this 















Passes 1 and 3
Pass 2




















Example 4.26.  Second pass through the hexachord space in the Quintet, II: 65-78
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 This final portion of the journey largely occupies the same area of the pitch space to the 
first and in many ways represents a more complex variation of that pass.  Though its precise path 
is slightly different, the third pass utilizes the same transformations and nodes as the first with 
few exceptions.  The T5-J2(0347)-J1 progression that links the second and third passes causes the 
final pass to begin with J2(0347)  rather than the J1 of the first pass.  That transformation is then 
heard between [3457T0] and [T03567] at T3 to the original J1-associates.  The circling sensation 
of the first pass is preserved, however, as the music reverses the J1 and J2(0347) motions to return 
to [790234].  This can be seen in Example 4.27a.  Due to the highly repetitive and circular nature 














Example 4.27a.  First portion of Pass 3 













Example 4.27b.  Second portion of Pass 3 
in the Quintet, II:  82-90
 The next portion of the pass is shown on Example 4.27b.  Here, the music compresses 
J2(0347)-J1 into T3, moving directly from [790234] to [T03567] and back without the intermediate 
stop at [3457T0] heard at the start of the pass.  The T-5 and T5 motions to and from [2479TE] in 
the first pass return next, further enhancing the sense that the music can no longer escape the pull 
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of the main hexachord form.  The final portion of the third pass, seen in Example 4.27c, begins 
with another T3 motion to and from [T03567] and then moves up by T2 to [9E2456], utilizing a 
transformation not yet found to introduce a hexachord form also absent from the preceding 
music.  The T2 motion opens up an area of the set-class space that will be explored further in 
movement III, though the subsequent T-2 motion returns to music back to the central node.  The 
piece ends when what had been the first element of Pass 1—the interaction of the tonic 




















Example 4.27c.  Third portion of Pass 3 in the Quintet, II: 90-117
 Example 4.28 condenses the motions shown in Examples 4.27a-c to show how the final 
pass circles around [790234].  Comparing this diagram to that of Example 4.24, one can see that 
the third pass puts special emphasis on the T3 relation seen only indirectly—composed out as 
J2(0347)-J1—in the first pass.  The T5-J2(0347)-J1 progression that began the motion away from the 
main hexachord form in Pass 1 becomes caught in the gravitational pull of [790234] in Pass 3 
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and loses the directionality it once had.  Additionally, the inclusion of [9E2456] slightly changes 






















Example 4.28.  Complete third pass through the hexachord space in the Quintet, II: 78-117
 While the starts of Pass 1, Pass 2, and the coda are emphasized musically by the use of 
similar material and clear section breaks, the start of Pass 3 is not marked in the music.  The 
arrival of [790234] at m. 78 occurs in the middle of a fairly continuous flow of similar material 
moving without pause from m. 67.  The only real change in the music—a shift from E-centered 
harmonies to those rooted on C—occurs one bar before the original hexachord form returns to 
begin the third pass.  That harmonic shift is significant, however, as it underscores the T-4 
relation between the areas of the pitch space occupied by Passes 2 and 3.  Regardless, there is no 
distinct formal break like those preceding Pass 2 and the coda.  This movement thus plays with 
the relationship between transformational passes and other determinants of form: alignment 
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between elements creates a stronger structural demarcation, while a lack thereof preserves 
musical momentum. 
Use of Synecdoches and Fuzzy Transformations
 Zwilich uses pentachordal subsets of (012479) in place of the original hexachord in both 
movements II and III, and it is often necessary to read the pentachords as incomplete instances of 
(012479) in order to fully comprehend the harmonic structure of the movements.  The first 
notable synecdoche for (012479) occurs at II: 83.  The hexachord form [790234] is firmly 
established in the previous two bars, and a Gb pick-up to m. 83 creates the pentachord [03567] 
across the barline.  That collection is a member of set class (01247).  The pentachord is clearly a 
subset of (012479) and—aside from these synecdoches—only appears in the piece as part of that 
larger collection.  Since the set does not play any significant role on its own, one can reasonably 
assume it acts as a representative of (012479) in m. 83, despite the missing Bb.78  
 The T3 motions of these mm. 83-87—moves 18-19 on Example 4.27b—are thus actually 
fuzzy T3 (or *T3), since one of the sets is a synecdoche.  A fuzzy transformation (also known as 
near-inversion and near-transposition) involves one or more pitches that deviate slightly from the 
main motion.79  Since the synecdoche involves one fewer pitch class than the main hexachord 
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78 Zwilich’s decision to withhold that particular pitch may be related to the emphasis on C harmonies at this point in 
the piece.  C-E dyads in the piano persistently anchor the music on C starting in m. 77.  Though the upper voices 
include Bb initially, that note gradually disappears as do other pitches until only the C-E dyad is left in m. 84. 
79 See Straus’s articles “Voice Leading in Atonal Music” and “Uniformity, Balance, and Smoothness in Atonal Voice 
Leading” for more information on fuzzy transformations.
class, that one voice does not participate in the transposition, rendering the transformation 
fuzzy.80  
 Such use of synecdoches and fuzzy transformations play a significant role in Movement 
III.  Whenever a synecdoche seems essential to the harmonic structure—as they are in movement 
II and in III’s B section—they and the transpositions or inversions in which they are involved are 
mapped on the transformational pass diagrams.  When they seem to serve more as embellishment
—for example, the dominant seventh chords that could be read as (012479) synecdoches in 
movement III’s A sections—they are not included.
Overview of III and Explanations of Any Non-(012479) Material
 The third movement builds on ideas found in the preceding movements, preserving some 
elements and introducing others.  J1, T5, T3, and T2 remain important in the finale, while the 
J2(0347)-transformation that played a prominent role in II is replaced here by J2{2479}.  This change 
reflects a greater emphasis on tetrachord (0257) in movement III: J1, T5, and J2{2479}—the three 
operations used most frequently in the finale—all preserve different forms of that set class.81  
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80 The later T3 motions are also fuzzy but for a different reason: rather than using a synecdoche, Zwilich substitutes 
an octatonic hexachord for 6-Z47.  To create a crisp (012479) in m. 91, the notes [T03567] should have been 
present.  Instead, the hexachord [E02356] is heard.  The two collections share four common tones—C-Eb-F-Gb—
but B and D appear instead of Bb and G.  In the context of 6-Z47’s dominance, I believe it is reasonable to analyze 
the octatonic collection as standing in for (012479), but that is not necessary for my analysis.  If one is unconvinced, 
simply imagine the diagrams found in Examples 4.27c and 4.28 without moves 22-23.  The overall path for Pass 3 
remains essentially unchanged.
81 It is possible to create a simplified version of the hexachord space primarily used in this chapter that reflects 
Zwilich’s emphasis on preserving (0257) as common tones.  This space would be a wreath in which an inner circle 
contains non-inverted forms and an outer circle the inverted forms (or vice versa).  Set class members along each 
ring would be connected by T5, and J1 would link members of the inner circle and outer circle directly.  J2{2479} and 
J2{0279} would form the diagonals between the two circles.  This space has the benefit of each hexachord form only 
appearing in one place (thus not requiring the reader to imagine it twisting into a three-dimensional toroid).  
However, T3 and T2 represent jumps in this simplified space since they do not preserve (0257).  I will continue to 
map the transformational paths of movement III on the cubic hexachord space to reflect the importance of T3 and T2, 
and to maintain consistency with the diagrams used in the discussion of II.  
The ternary harmonic structure that lays beneath the second movement’s binary form is fully 
brought to the surface in the third movement’s clear ABA’ form.  
 The A sections are based on (012479) with occasional interjections of whole tone 
tetrachords, dominant seventh chords, and quotes from movement II.  The B section features 
quotes from movement I juxtaposed with material based on (012479) similar to that found in the 
A section.  Here, though, different transformational relationships are featured and only hexachord 
forms that match the blues scale are used.  The A sections involve T5, T-3, J2{2479}, and J1, while 
B only utilizes T5 and T-2 (strict or fuzzy depending on whether a synecdoche is involved).  The 
B section is thus much simpler in terms of its (012479) usage, yet quotations of movement I 
interrupt that set’s dominance and greatly increase the diversity of the pitch material in the B 
section.  
 In the A sections, (012479) accounts for virtually all of the pitch material except for the 
quotations of II’s walking bass-line.  Even the dominant seventh chord and whole-tone tetrachord 
interjections that break up the surface domination of that set class are derived from the 
surrounding hexachords via common tones and J1.  This relationship is quite straightforward in 
the case of the dominant seventh chord: set class (0258), which includes both that chord and the 
inversionally related half-diminished seventh chord, is a subset of (012479).  The dominant 
seventh is found in all non-inverted forms of the hexachord class, while the half-diminished 
seventh occurs in the inverted, blues-scale members.  Since Zwilich primarily uses that latter 
group, the dominant seventh chord generally appears surrounded by and/or layered with a 
hexachord to which it does not belong.  
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Example 4.29.  The derivation of a dominant seventh chord through J1 and common tones 
in the Quintet, III: 20-25
 This first occurs at m. 21 (Example 4.29).  There, the piano introduces [2479TE] in the 
two bars before the dominant seventh is heard.  The strings then sound an E7 chord above the 
piano, which continues with fragments of the hexachord until it too moves to the dominant 
seventh chord in m. 24.  The whole ensemble returns to [2479TE] in the next bar.  As an inverted 
form of the set, that particular hexachord does not include any dominant seventh chord, and the 
E7 is in fact a subset of the J1-related [789E24].  Zwilich used J1-associates to embellish one 
another in movement II, and the same thing happens here, though some of the notes of the 
underlying shared pentachord are absent.  This creates a dominant seventh chord on the musical 
surface, yet the chord acts as a synecdoche for (012479) and functions in the same manner as the 
embellishing J1-related notes in the second movement.  The presence of other (012479) 
synecdoches in II and in the B section of III further supports this interpretation, as does the 
repetition of this combination at various T-levels: the F#7 in mm. 40-43, the E7 in mm. 57-61, the 
D7 in mm. 122-125, the E7 in mm. 141-144, and the A7 in mm. 159-162 are all derived in an 
identical fashion.
 Two major triads are also created similarly.  In the B section, an EM triad in m. 90 links 
the end of the second quotation of I to the III material, which begins on [2479T].  That 
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pentachord is a synecdoche for [2479TE], whose J1-associate contains the EM triad.  This 
connection helps integrates the quotation into the native material of the movement.  In the A’ 
section, a CM triad is heard at m. 108 instead of the dominant sevenths and whole-tone 
tetrachords (discussed below) used in the earlier A section.  The triad occurs between two T5-
related instances of (012479): [57T012] and [T03567].  The root and fifth of the triad are 
common to both hexachords.  The third, E, comes from the second hexachord’s J1-associate.  
This presentation—where a non-(012479) collection is related by common tones to two different 
surrounding hexachords and by J1 to the second hexachord—is that used for the most of the 
whole-tone fragments in the movement.
Example 4.30.  
The derivation of a whole-tone tetrachord through J1 and common tones in the Quintet, III: 1-14
 In m. 9, a whole-tone tetrachord is inserted before the first time (012479) moves to a new 
T-level in the movement.  Example 4.30 shows how the whole-tone tetrachord is derived from 
the T5-related (012479)s that precede and follow that seemingly deviant collection.  The first 
eight measures establish [790234], while mm. 10-14 are based on [025789].  The whole-tone 
interjection in m. 9 is built from the pitches C-D-E-F#.  Three of those notes are common tones 
to one or both of the surrounding hexachords: C and D are found in both collections, while E is 
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present only in the first.  The remaining pitch, F#, is derived in a more subtle fashion.  If one 
subjects the second hexachord to J1, the pitch Ab would be replaced by F#.  Though that J1-
associated note does not appear at the same time as the rest of the hexachord, its presence in m. 9 
can be explained through this relationship.  Each of the four notes of the whole-tone collection 
are thus derived from the (012479) hexachord on which the movement is based.82  
 The whole-tone collections in m. 15, 116, 135, and 154-157 are all built in this fashion.  
The last of those excerpts represents the first time a single hexachord form is elaborated by both 
a whole-tone fragment and a dominant seventh chord.  A whole-tone tetrachord precedes and 
overlaps with the [790234] that arrive in m. 155, and A7 replaces (0246) in mm. 159-162.  
Applying both embellishment strategies to this same tetrachord gives special emphasis to the 
final appearance of the blues scale at its primary T-level.  
              The two remaining whole-tone tetrachords in the movement are derived in a slightly 
different but still related manner.  The first can be found in m. 34, linking two J1-related 
hexachords.  All of the whole-tone fragments discussed above are found between T5-related 
hexachords; the changed relationship between the surrounding hexachords necessitates an altered 
derivation of the whole tone fragment.  Here, [012479] moves to [79E1] and then to [790234].  
The G and A of the whole-tone set are common to both hexachords, C# belongs to the first and is 
J1-related to the second, but B does not belong to either nor is it J1-related to them.83  Though 
that note has no clear common tone or J1-derivation, the whole-tone fragment descends from the 
J1-related note here, just as it does in all the previously discussed cases.  In that respect, the 
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82 In addition to the implied hexachord in m. 9 being related by J1 to that of mm. 10-14, that assumed set is also 
related by J2{2479} to mm. 1-8.
83 There are two possible J2-derivations of the note: B and F# are the J2(0347) associates of the first hexachord, while 
B and G# are related by J2{0279} to the second.  There are not any similar situations utilizing J2 in this fashion, 
however, nor does J2{0279} appear between adjacent hexachord forms anywhere in the piece.  
approach is identical, though the realization differs in terms of which notes are common to which 
sets because of the changed relationship between the hexachords.  The whole-tone fragment in 
m. 53 also connects two J1-related (012479)s and is derived in the same fashion.  All of the non-
quotation material thus grows naturally out of the main hexachord class that dominates the 
movement.
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Section Pass Sets MM Description
790234 1-8 three mm unison gesture, canon 1 in strings
025789 10-14 canon 1 in strings doubled by piano
57T012 15-18 canon 1 subject fragment in strings, canon 2 in piano
1 2479TE
19-20 canon 2 in piano at T-3
25-26 unison 16th note scalar runs
012479 27-33 walking bass quote under canon 3 (based on gesture from m. 
2)
A
790234 35-37 canon 1 subject fragments in piano, canon 2 in strings
469E01 38-39 canon 2 in strings doubled by piano at T-3
40-45 scalar runs with dominant seventh interjections
2
23469E 46-52 T2 of m. 27
9E2456 53-57
2479TE
58-61 scalar runs with dominant seventh interjections
62-63 canon 2 between piano and strings
790234 64-69 unison 16th note scalar runs ending on repeated E’s
E1467(8) 80-1 variation of canon 1 subject under a sustained melody
469E01 82
2479TE 83-84
B 3 2479T(E) 91-92 T3 of m. 80 with rests shortened
790234 93
57T01(2) 94-95 T3 of m. 91, lower string line moved to piano, ends with 
T03567 96 unison 16th note run and repeated G’s
57T012 100-107 three mm unison gesture, canon 1 in strings
T03567 109-115 new pizzicato line in cello with a CM triad in other strings, 
then canon 1 in strings doubled by piano
358T10 117-118 canon 1 subject fragments in strings, canon 2 in piano
4
025789
120-121 canon 2 in piano at T-3
122-127 scalar runs with dominant seventh interjections
TE0257 128-132 walking bass quote under canon 3
025789 132-134
A’
57T012 136-138 canon 1 subject fragments in piano, canon 2 in strings
2479TE
139-140 canon 2 in strings doubled by piano at T-3
141-146 scalar runs with dominant seventh interjections
5
012479 147-151 T2 of m. 128
2479TE 152-154
790234 163-164 canon 2 between piano and strings
025789 165-167 unison 16th note scalar runs ending on repeated A’s, a PL 
cycle on (037), and more repeated A’s
Example 4.31.  Table showing corresponding measure numbers and descriptions
of all (012479)s in the Quintet, III
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(012479) Progressions in the A section of III
 The finale begins on [790234], the “tonic” member of the set class.  Example 4.31 lists 
the measures numbers and descriptions of all (012479) presentations in the movement.  The 
opening A section includes two passes through the hexachordal space, both of which start and 
end on that set.  Significantly, the first pass (Example 4.32) begins with two iterations of T5 to 
bring the music from [790234] down a major second to [57T012]: that latter set becomes the 
central node in the A’ section, and T-2 functions prominently in the B section.  The remaining 
three moves of the pass return the music to its origin via a new route: T-3, J2{2479}, and J1 move 
the music by ascending major second back to [790234].84  The two halves of the progression are 

















Example 4.32.  First pass in the A section of the Quintet, III (mm. 1-35)
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84 Though shown here as two separate nodes, the two instances of [790234] are indeed the same point in the 

















 Example 4.33.  Second pass in the A section of the Quintet, III (mm. 35-69)
    As shown in Example 4.33, the second pass also begins at [790234] but reverses the 
order of the two transformational motives.  The departure function is now fulfilled by T-3, 
J2{2479}, and J1, while the two iterations of T5 effect the return.85  Locally, this creates a miniature 
transformational sequence, where the progression T-3, J2{2479}, and J1 occurs twice in a row 
related by T2.86  More significantly, the pairing of these two passes emphasizes potential for 
developing transformations by composing them into more direct routes or decomposing them 
into more circuitous paths.  This can be seen by looking at the ends of the two passes: J2{2479} 
and J1 move the music from [2479TE] to [790234] via [012479] in the first, while the second 
reduces that combination to its resulting T5.  Similarly, the preceding moves of each pass—T5, 
T5, and T-3 for the first and T-3, J2{2479}, J1, and T5 for the second—both ultimately result in the 
same T-5 motion.  From the beginning of this movement, then, Zwilich highlights the idea that 
different progressions can create the same overall motion and thus act as substitutes for one 
another.  This possibility will be explored further when the A section returns at m. 100.
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85 Interestingly, the transformational patterns in the first and second passes only return the music its starting if they 
begin on an inverted form of the hexachord.  When starting on a non-inverted form, both progressions result in T2.
86 The two groups of T5’s are also related by T2, but are separated in time and thus do not create the same impression 
of sequential motion.
(012479) Progressions in the B section of III
 A quotation of the first movement’s opening signals the start of the B section at m. 71.  A 
preceding measure of silence emphasizes this break, yet common tones—E, which is the only 
pitch heard in mm. 67-69, and G which is not particularly emphasized—connect the quotation to 
the previous material.  The music moves through a series of triads (elaborated with non-chord 
tones) in mm. 71-79: EM, Em, AM, Am, C#M, and C#m (or in other words, pairs of P-related 
triads spelling out an AM triad in second inversion).  (012479) is entirely absent from the 
quotation (and from the first movement as a whole).  Throughout the B section, this distinct 
material is juxtaposed with music related to the first portion of the third movement.  Three 
additional striking differences distinguish the B section from A: only the non-inverted, blues-
scale forms of (012479) are included; synecdoches regularly act not just as embellishment but as 








Example 4.34.  Transformational path of (012479)s in the Quintet, III’s B section (mm. 71-99) 
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 III-B only uses the members of (012479) that express the six-note blues scale with flat 
scale degree five.  Since all of the transformations on that hexachord class in this section are 
transpositions, the simplified portion of the hexachord space shown in Example 4.34 will suffice 
for diagramming the transformational path.  All sets in the right column appear in their complete 
form, while those on the left appear as synecdoches missing the natural fifth scale degree, 
although [2479TE] does occur first in its complete form at mm. 83-84.  The sets listed are not 
always heard in adjacent bars; rather, other material is interpolated into the succession, as in the 
first half of II.  
 The two transpositions used in the B section are significant for a variety of reasons.  T5 
was used prominently in both the first two movements and in the third movement’s A section; it 
is thus a strong source of continuity in the music.  T-2, on the other hand, was used just once in II 
but was found only indirectly in III-A, composed out as two iterations of T5 or as J2{2479}-J1-T5.  
This underlying relationship is now brought into the foreground during the B section.  
 The B section’s sequence of (012479)s begins with a synecdoche in m. 80: the collection 
B-C#-E-F#-G clearly functions as if it were a member of that hexachord class, though the G# 
needed to complete the set is missing.  This set is related by T4 to the last (012479) heard in the 
A section (and the central form of that set class in the work), mirroring the T4 relation between 
the A and B sections of movement II.  After the first T5 and T-2 on (012479), the I material 
returns in m. 85 at T3 to its previous appearance.  
 This appearance is more strongly connected to the preceding material that the first 
quotation.  That presentation began with E major and minor triads.  While E and G were found in 
the preceding hexachord, the remaining two pitches were not.  The G major and minor triads at 
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m. 85, on the other hand, are both subsets of the hexachord in the previous two measures.  The 
start of the quotation is thus more tightly integrated into the musical fabric, and no measure of 
silence is needed to prepare the I material in this second appearance.  After that quotation is 
completed, [2479TE] returns as a synecdoche—now missing the pitch B—to continue the 
sequence of (012479)s.  The I material does not interrupt the progression again, and the music 
continues immediately from the [57T01] synecdoche to the final set of the B section, creating a 
sense of acceleration going into the return of the A section.
 Overall, the hexachord forms in the B section spell out a <+5-2> RICH on (025).87  This 
represents another possible ordering of the chain embedded in (012479): instead of RL, this 
pattern comes from the LP cycle on that trichord, so this structure is also related to the (037) LP 
cycles found on the musical surface of movement I.  The idea of composing out an important 
surface motive is prepared in the first movement, which also uses (025) to structure large-scale 
pitch relationships.  The I material quoted in III-B appears five times in the first movement.  The 
first two iterations are related by T3.  The third occurs at T2 to the second, spelling out the 
trichord (025) that saturates (012479).  The next appearance is at T5 to the third, expanding (025) 
to the (0257) tetrachord that plays a significant role in II and III.  The importance of both set 
classes is thus foreshadowed by the large-scale structure of movement I, though neither is a 
significant surface feature of that movement.  
 Additionally, a final iteration of that material occurs at T3 to the preceding appearance, 
making the complete succession of transpositions in the movement T3-T2-T5-T3.  This pattern 
includes the three main transpositions used on (012479) in II and III.  T3 and T2 form the core 
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87 Again, these transpositions are fuzzy if a synecdoche is involved but crisp otherwise.  
intervals of the (025) RICH2 found on the musical surface in various presentations of the main 
hexachord class, while T2 and T5 compose the transformational RICH2 in III’s B section.  
Alternations of T5 and T3 are also significant, as they form the LP cycle on (037) that saturates 
movement I.  Additionally, the idea of composing and decomposing transformations that Zwilich 
explores in III can be seen in this structure: T3 and T2 form T5.  The T5-T5 motive that starts the 
first pass in III’s A section and ends the second is thus embedded in the structure of I.  These 
subtle relationships help to link the first movement to those that follow despite the vast 
difference in surface pitch collections.
 The two quotations of I’s opening in III-B are in a T3 relationship to one another, 
anchored on E and G respectively.  If the pattern found in movement I had continued, the third 
appearance would start on A, the original T-level of the first movement (and the overall tonic 
note of the piece).  Such a return might have created too strong a sense of finality for this point in 
the work, and no third quotation materializes.  However, the open octaves that end each of the 
movement’s three sections spell out the same T-levels: E (mm. 67-69), G (mm. 99-100), and A 
(mm. 168-170 and 172-174).  Taken with the As that start the third movement, the octaves mimic 
the movement’s opening gesture: A-E-G-A.  The finale thus exhibits a similar emphasis on 
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Example 4.35.  First pass in the A’ section of the Quintet, III (mm. 100-136)
(012479) Progressions in the A’ Section of III    
              The remaining section of the movement begins not on the main hexachord form 
[790234] but the T-2-related [57T012].  The B section ended with a synecdoche of that hexachord 
moving by fuzzy T5 to [T03567], so the appearance of the complete set followed by a crisp T5 
motion marks a subtle type of resolution.  As shown in Example 4.35, the music then continues 
with a second T5 move and T-3, seemingly copying the path of the first pass in the original A 
section.  The second portion of the pass deviates from that established at the opening of the work, 
however.  Originally, the pass concluded with J2{2479} and J1; here, J1 is replaced by a repeat of 
J2{2479} (which cancels the previous move) and another T5.  That substitution of J2{2479} and T5 
for J1 also occurs in the second pass of A’, which otherwise follows the corresponding path of 
the original A section at T-2 (Example 4.36).  Zwilich thus again capitalizes on the potential for 
equivalent transformations to act as substitutes for one another, reaching the same goals via 
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Example 4.36.  Second pass in the A’ section of the Quintet, III (mm. 136-167)
              These substitutions also serve another purpose: they help bring about the disappearance 
of J1 on (012479).  That transformation did not appear in the B section, nor does it link any 
consecutive hexachord forms in A’.  One of the primary transformations in the work thus 
vanishes by being decomposed into other operations.  This phenomena may offer the additional 
explanation for why Zwilich chose to use J2{2479} rather than J2{0279} alluded to above: replacing 
the former with the latter in the passes of A would have resulted in a less elegant substitution for 
J1 in the A’ passes.  
              Pass 1 in A, for example, could have ended with J1 followed by J2{0279} (instead of 
J2{2479} followed by J1).  Assuming three moves like in the actual corresponding pass of A’, the 
following possibilities exist for ending the hypothetical pass based on J2{0279}: T5 followed by 
two iterations of J2{0279}, T-5 succeeded by J2{2479} and then J2{0279}, or T-5 and two iterations of 
T5.  None of these solutions is satisfactory.  The first reaches the goal node before the end of the 
pass and places too much emphasis on it through its repeated appearances.  The second 
introduces a transformation and a node not used in the original pass (T-5 and set [567902] 
respectively), and the third no longer includes any J-transformations.  Zwilich’s solution allows 
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her to decompose J1 without reaching the final node too soon, using only transformations and 
nodes found in the corresponding A section pass, and including J2.  Similar issues would exist in 
the second pass of both sections were J2{0279} used instead of J2{2479}.
               The second and final pass of A’ mirrors that of A but is truncated: an additional T5 
would be needed to completely copy the path and return to the starting hexachord form.  
Zwilich’s choice to avoid the final hexachord of the pass creates a sense of circling back to the 
beginning of the movement.  The last pair of hexachords is identical to the first pair of the 
original A section, and the penultimate pair is identical to the last of that area.  Hearing those 
three hexachords in sequence makes it seem that the last portion of A’ is wrapping around to start 
at the beginning of the movement again.  The music thus ends with a sense that it is continuing 
into infinity rather than being cut off or truly resolving.  Including the final [57T012] to complete 
the pass would have given the music a firmer ending (as it would return to the place A’ began) 
but it would be a deceptive ending that moved past the tonic node into less stable territory. 
              The missing [57T012] does not even include the tonic note A.  Rather than completing 
the pass and arriving at that unstable hexachord, Zwilich has the ensemble move from the 
hexachord of mm. 165-167 to octave As.  The PL cycle on (037) of movement I returns in m. 
171, ending with an incomplete Am chord before returning to the octave A’s.  The resulting 
HEX0,1 collection is related to the final instance of (012479) via four common tones: the notes of 
the F major-minor triad, a tetrachord that plays an important role throughout all three 
movements.  Additionally, though that particular hexatonic collection was not explicitly stated in 
the first movement, the final AMm triad in I: 180-181 belongs to that scale.  Another link 
between the pitch material of the first movement and the third is thrust into the light, and this 
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cyclical close provides a more stable and satisfying conclusion to the work than anything that 
could have been gracefully and economically achieved were the second pass complete.  
Conclusion: Organicism in the Quintet
              The Quintet represents a particularly interesting case in regards to organicism, which is a 
main focus of both writings about Zwilich’s music and her own published comments.  Her 
program note for Symphony No. 1 states: 
 I have long been interested in the elaboration of large-scale works from the initial 
material.  This “organic” approach to musical form fascinates me both in the 
development of the material and in the fashioning of a musical idea that contains the 
“seeds” of the work to follow.  
Similar statements can be found in the program notes to her String Quartet 1974, Prologue and 
Variations (1983), String Trio (1984), and Septet (2010).  Perusing recordings and/or scores of 
her works quickly demonstrates how central this concern is throughout her career.  
 The Quintet, however, begins with material that at first glance seems largely unrelated to 
much of what follows (Example 4.37).  This music does not include the six-note blues scale that 
figures so prominently in the rest of the movements, nor does it present the hexatonic collection 
that functions as a main motive in the remainder of the first movement.  In fact, there does not 
seem to be any over-arching scale (or succession of scales) for these introductory bars.  
Octatonic fragments and pairs of parallel major and minor triads allude to various collections, 
and the passage as a whole presents eleven of the twelve chromatic pitches (only G is absent).  
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Example 4.37.  Opening of the Quintet’s first movement
 Each of those phenomena has implications for the remainder of the work, however.  
Octatonic tetrachords are used as surface embellishments in various movements.  The major-
minor triad (0347) is an important subset of both (014589) and (012479) as mentioned above, 
and the opening triadic arpeggio is a motive that occurs in all three movements.  The P relation 
embodied in the pairing plays a prominent role in the piece and can be seen as introducing J-
inversions in general.  Almost-complete aggregates are found when this opening material recurs 
at I: 38-45 and I: 86-91, as well as in the walking bass-line that appears in movements II and 
III.88  Despite the absence of the two main hexachords, the opening of this three-movement work 
does thus set out a number of important motives and techniques used throughout the remaining 
movements.  
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88 In all appearances of that line during the second movement (which occur at the same T-level), F# is missing.  The 
pizzicato bass returns again at the same T-level in III: 27 but is slightly rewritten so F# is included in the line while 
C# is now missing.  The rest of the ensemble provides that pitch at the start of the quotation, finally completing the 
aggregate.
 That shared motivic material and the use of quotation creates cohesion in the work 
despite the varied pitch materials, as do the common processes of retrograde-inversional 
chaining and other J-transformations.  The first movement uses a limited number of smaller sets
—particularly (013), (037), (0123), and (0347)—to create a variety of larger pitch collections.  
The second movement gradually comes to focus on (012479), which accounts for almost all of 
the non-quotation pitch material in movement III.  Various J1- and J2-transformations, while 
merely present in the first movement, become increasingly important in the second and dominate 
the third, which includes a highly sophisticated use of such operations as a structuring force.  In 
an organic reading of this process, one could say that the first movement does indeed contain 
seeds that grow and combine in unexpected ways, creating a gradual metamorphosis that could 
not be predicted based on the opening material but that ultimately feels natural.   
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Afterword
 The generalized family of common-tone preserving contextual inversions introduced in 
this dissertation represents a unification of previous theories by David Lewin, Joseph Straus, 
Richard Cohn, and others, as well as a new tool that could be productively used by analysts of 
twentieth- and twenty-first-century repertoire.  The music of Ellen Taaffe Zwilich has been 
treated as a test case to show how J is used in actual compositions and how an one might analyze 
such excerpts.  Those discussions not only demonstrate the effectiveness of J as a means of 
understanding small- and large-scale pitch motions within a work, they also reveal some 
important insights about Zwilich’s output as a whole.     
 Two ideas are typically emphasized in writings on Zwilich’s music: organicism and the 
division of her output into two distinct stylistic periods.  Zwilich’s technique of deriving a work 
from its opening measures is commonly known both through its frequent application in her 
pieces and through her many comments about that approach.  Understandably, the concept has 
become commonplace in discussions about her music: organicism is a main focus of Schnepel 
1989, Gunn 1993, Hillyer 2001, and Benner 1994; and it is at least mentioned in most of the 
other Zwilich sources listed in the Bibliography.  In fact, the technique of building a piece from 
small motives presented in the opening measures appears to be the only element writers about 
Zwilich universally recognize as belonging to both of her stylistic periods. 
 Like the emphasis on organicism, the idea of a stylistic divide between Zwilich’s earliest 
works and the rest of her output is supported by her own published comments.  Quotes from the 
composer explaining that the death of her husband in 1979 led to a change in her musical 
language appear in Page 1985, Ford 1993, and Oteri 2011 (and many other sources that have 
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then reprinted her words).  While Hillyer and Yoon have tried to demonstrate underlying 
consistencies between works crossing the divide, most authors treat the compositions before the 
Chamber Symphony as belonging to an entirely different universe from that piece and any 
subsequent ones.  
 The theory presented in this dissertation has important implications for both of those two 
common themes.  First, Zwilich’s use of J represents another way organicism is manifested in 
her music: in addition to pitch motives, processes like J-inversion can also serve as a basic seed 
from which a larger work is derived.  While the few published analyses of Zwilich’s music focus 
on traditional methods of motivic variation to show connections between musical materials, the 
J-framework allows one to find relationships between ideas that are not related by set class, 
contour, rhythm, or other surface features.  By focusing on the processes applied to those diverse 
materials, the transformational perspective found in this dissertation reveals connections 
overlooked by other approaches.  
 Second, J-inversion is found in solo, chamber, and large ensemble compositions 
throughout Zwilich’s career.  The examples discussed in Chapters 2-4 show that J is used in 
works as early as Einsame Nacht—completed in 1971 and described by Zwilich as the first piece 
where she fully realized her compositional intentions89—as well as some of her most recent 
compositions.  J-inversions are present in virtually all of her published works regardless of where 
the musical language falls on the tonal/atonal spectrum, what the genre is, or when the piece was 
written.  Common-tone preserving contextual inversions are an element of continuity throughout 
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89 Zwilich, interview by Oteri, 2011.
her output.  Zwilich uses the same types of processes throughout her career—they are just 
applied to different types of objects.
 The analytical approach presented in this dissertation thus not only provides insight into 
some of Zwilich’s individual works, it also allows for refinements to two common beliefs about 
her ouevre: first, her style break ca. 1979 is not as clean as previously claimed; and second, in 
addition to the much discussed technique of continuous variation, the organicism in Zwilich’s 
music stems from shared processes used to develop seemingly different materials.  Applying the 
J-framework to music by other post-tonal composers—particularly those with eclectic styles 
resistant to existing analytical tools—could provide similar insights.  
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3-1 012 9-1 012345678
3-6 024 9-6 01234568T
3-9 027 9-9 01235678T
3-10 036 9-10 01234679T
3-12 048 9-12 01245689T
4-1 0123 8-1 01234567
4-3 0134 8-3 01234569
4-6 0127 8-6 01235678
4-7 0145 8-7 01234589
4-8 0156 8-8 01234789
4-9 0167 8-9 01236789
4-10 0235 8-10 02345679
4-17 0347 8-17 01345689
4-20 0158 8-20 01245789
4-21 0246 8-21 0123468T
4-23 0257 8-23 0123578T
4-24 0248 8-24 0124568T
4-25 0268 8-25 0124678T
4-26 0358 8-26 0134578T
4-28 0369 8-28 0134679T
5-1 01234 7-1 0123456
5-8 02346 7-8 0234568
5-Z12 01356 7-Z12 0123479
5-15 01268 7-15 0124678
5-Z17 01348 7-Z17 0124569
5-22 01478 7-22 0125689
5-33 02468 7-33 012468T
5-34 02469 7-34 013468T
5-35 02479 7-35 013568T


























90 All set classes of cardinalities 1-2 and 10-12 are, of course, also symmetrical.
Appendix 2: Set Classes That Strictly Cannot be Jx-ed
              Appendix 2 lists those sets that are strictly not J-able for a given value of x.  By strictly 
un-J-able, I mean that these set classes that do not have a symmetrical subset of N-x pitches.91  
The vast majority of the un-J-able set classes are not J1-able.  Almost all set classes (of the 
relevant cardinalities) are able to be subjected to J2 and above, and no set classes are strictly un-
J-able at N=x+2 or N=x+1.  J1 thus has a special status as being the most rare cardinality of Jx, 
and those set classes unable to be subjected to the transformation deserve some discussion here.  
              Only cardinalities 4, 6, and 8 include un-J1-able set classes, and many of these are 
notable collections.  The tetrachordal list, for example, includes both all-interval tetrachords, the 
major-minor triad, the Fr+6 chord, the minor seventh chord, the major seventh chord, both 
octatonic tetrachords, and the hexatonic tetrachord.  Aside from the two all-interval tetrachords, 
each of the remaining tetrachords is symmetrical, as are many but not all of the strictly un-J1-
able hexachords and octachords.  Symmetry is not a guarantee of J-ability or the lack thereof, 
however.  Those symmetrical set classes where all notes are related by a single interval—for 
example (0123), (02468), or (02479)—are theoretically going to be J1-able, while those without 
a single generator—for example, (0134), (014589), or (0134679T)—will not be.  Ultimately, 
though, there does not seem to be one obvious, definitive condition that ensures a set class will 
not have a symmetrical subset of N-x notes and thus will not be Jx-able.  
              The two sets that cannot be J2-ed or J3-ed respectively are both octatonic: 7-31 
(0134679) represents the octatonic scale minus one pitch, while 8-28 includes the complete 
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91 Additional situations exist where J-inversions on certain set classes only produce identities or Jx=Jy.  Though such 
set classes are not listed here, the non-distinct J-inversions will be removed from the weighted lists given in 
Appendices 3-4.
scale.  7-31 can be J1-ed (as can all septachords), but 8-28 cannot.  All relevant cardinalities can 
be subjected to J4 and J5. 
Not J1-able
Forte Name Prime Form
 4-3  0134
 4-7  0145
 4-8  0156
 4-9  0167
 4-10  0235
 4-Z15  0146
 4-17  0347
 4-20  0158
 4-25  0268
 4-26  0358
 4-Z29  0137
 6-Z4  012456
 6-5  012367
 6-Z6  012567
 6-8  023457
 6-9  012357
 6-Z11  012457
 6-Z13  013467
 6-15  012458
 6-16  014568
 6-18  012578
 6-20  014589
 6-Z23  023568
 6-Z26  013578
 6-27  013469
 6-Z29  013689
 6-30  013679
 6-31  013589
 6-Z38  012378
 6-Z40  012358
 6-Z42  012369
 6-Z49  013479
 6-Z50  014679
Not J1-able (cont.)
Forte Name Prime Form
 8-6  01235678
 8-7  01234589
 8-9  01236789
 8-10  02345679
 8-Z15  01234689
 8-17  01345689
 8-20  01245789
 8-28  0134679T
 8-Z29  01235679
Not J2-able
Forte Name Prime Form
7-31 0134679
Not J3-able
Forte Name Prime Form
8-28 0134679T
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Appendix 3: List of Weighted J-abilities 
 This appendix contains the weighted J-abilities of all set classes, with only the relevant 
cardinalities of J given for each cardinality of set class.  This measures the number of different 
ways a given set class can be subjected to a distinct Jx-inversion.  Identities and Jx=Jy are not 
counted, and inversions around different axes of the same subset that produce the same resulting 


















































































































2 2 2 6
2 3 3 8
2 2 4 8
1 3 6 10
2 1 6 9
2 1 6 9
4 0 4 8
0 2 7 9
1 3 6 10
2 1 6 9
1 3 5 9
0 0 9 9
1 3 6 10
2 1 6 9
1 0 8 9
2 1 6 9
1 2 6 9
1 2 7 10
2 1 7 10
2 1 6 9
3 3 1 7












































2 3 3 8
1 3 6 10
2 1 6 9
1 3 6 10
2 2 4 8
2 1 7 10
1 3 5 9
1 3 6 10
4 0 4 8
2 1 6 9
5 0 0 5
0 2 7 9
2 2 2 6
1 2 7 10
0 2 6 8
1 2 7 10
2 2 2 2 8
2 3 2 4 11
1 4 2 4 11
0 2 4 5 11
0 6 2 3 11
0 5 0 4 9
0 3 0 2 5
0 2 6 2 10
0 5 4 2 11
1 3 3 5 12
0 5 3 3 11
1 4 1 6 12
0 3 2 6 11
2 3 2 3 10
0 5 4 2 11
0 5 4 2 11
1 4 1 6 12
0 6 2 3 11
2 3 1 5 11
0 0 2 0 2
2 4 0 5 11












































0 3 2 6 11
1 3 3 5 12
1 4 2 4 11
0 2 4 5 11
0 8 0 1 9
0 5 2 6 13
0 3 2 6 11
0 5 0 1 6
0 5 4 2 11
2 2 2 2 8
2 3 2 9 16
2 4 0 5 11
0 0 0 0 0
1 4 2 4 11
0 2 4 5 11
0 5 0 4 9
1 3 3 5 12
0 5 3 3 11
1 4 1 6 12
0 3 2 6 11
1 4 1 6 12
2 3 1 5 11
0 3 2 6 11
1 3 3 5 12
1 4 2 4 11
0 2 4 5 11
0 3 2 6 11
0 3 2 6 11
2 2 2 2 3 11
2 3 2 2 2 11
2 2 4 3 1 12
1 3 6 0 2 12
2 1 6 2 1 12
2 1 6 2 1 12
4 0 4 1 3 12
0 2 7 0 2 11
1 3 6 0 2 12












































1 3 5 2 1 12
0 0 9 2 0 11
1 3 6 0 2 12
2 1 6 2 1 12
1 0 8 0 2 11
2 1 6 2 1 12
0 2 6 2 1 11
1 2 7 1 1 12
2 1 7 0 2 12
2 1 6 2 1 12
3 3 1 2 3 12
0 2 7 0 2 11
2 3 3 2 2 12
1 3 6 0 2 12
2 1 6 2 1 12
1 3 6 0 2 12
2 2 4 3 1 12
2 1 7 0 2 12
1 3 6 0 2 12
1 3 6 0 2 12
4 1 4 1 3 13
2 1 7 2 1 13
5 0 0 0 6 11
0 2 7 0 2 11
2 2 2 2 3 11
1 2 7 1 1 12
0 2 6 2 1 11
1 2 7 1 1 12
2 2 2 5 11
2 4 2 4 12
0 4 4 3 11
1 5 3 3 12
1 6 1 4 12
0 5 2 4 11
0 4 4 3 11
0 5 2 4 11
0 2 0 3 5












































1 5 3 3 12
1 6 1 4 12
1 6 1 4 12
1 5 3 3 12
0 7 2 3 12
1 6 1 3 11
0 4 4 3 11
1 6 1 4 12
3 3 1 5 12
0 4 4 3 11
2 3 0 6 11
2 4 2 4 12
2 2 2 5 11
2 3 0 6 11
0 2 0 3 5
0 4 4 3 11
1 6 1 4 12
0 0 0 2 2
0 7 2 3 12
2 2 7 11
3 3 6 12
3 3 6 12
3 3 6 12
4 1 7 12
2 2 7 11
3 3 6 12
4 1 7 12
2 2 7 11
3 0 8 11
3 3 6 12









Appendix 4A: List of Distinct J1-Inversions
 The below table lists all of the distinct J1-inversions with voice-leading information.  All 
identities and Jx=Jy have been removed from this list.  For each transformation, the original set 
class’s Forte name and prime form are given, followed by the subset around which the J1-
inversion occurs (given both in pitch classes extracted from the original set’s prime form and in 
its own prime form), the moving voice’s origin and destination pitch classes, and the distance the 
moving voice travels.  Where necessary, the subset’s inversional axis is indicated in bold 
(following the guidelines set out in Chapter 1).  Using this table, one can find and name all of the 
possible distinct J1-inversions.
Forte Prime Form Subset Subset    Moving Voice
Name Prime Form From To Distance
3-1 012 01 01 2 E 3
3-1 012 12 01 0 3 3
3-2 013 01 01 3 T 5
3-2 013 03 03 1 2 1
3-2 013 13 02 0 4 4
3-3 014 01 01 4 9 5
3-3 014 04 04 1 3 2
3-3 014 14 03 0 5 5
3-4 015 01 01 5 8 3
3-4 015 05 05 1 4 3
3-4 015 15 04 0 6 6
3-5 016 01 01 6 7 1
3-5 016 06 06 1 E 2
3-5 016 06 06 1 5 4
3-5 016 16 05 0 7 5
3-6 024 02 02 4 T 6
3-6 024 24 02 0 6 6
3-7 025 02 02 5 9 4
3-7 025 05 05 2 3 1
3-7 025 25 03 0 7 5
3-8 026 02 02 6 8 2
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Forte Prime Form Subset Subset    Moving Voice
Name Prime Form From To Distance
3-8 026 06 06 2 T 4
3-8 026 06 06 2 4 2
3-8 026 26 04 0 8 4
3-9 027 07 05 2 5 3
3-9 027 27 05 0 9 3
3-10 036 03 03 6 9 3
3-10 036 06 06 3 9 6
3-10 036 36 03 0 9 3
3-11 037 03 03 7 8 1
3-11 037 07 05 3 4 1
3-11 037 37 04 0 T 2
4-1 0123 012 012 3 E 4
4-1 0123 123 012 0 4 4
4-2 0124 012 012 4 T 6
4-2 0124 024 024 1 3 2
4-4 0125 012 012 5 9 4
4-5 0126 012 012 6 8 2
4-11 0135 135 024 0 6 6
4-12 0236 036 036 2 4 2
4-13 0136 036 036 1 5 4
4-14 0237 027 027 3 E 4
4-16 0157 057 027 1 E 2
4-18 0147 147 036 0 8 4
4-19 0148 048 048 1 E 2
4-19 0148 048 048 1 3 2
4-19 0148 048 048 1 7 6
4-21 0246 024 024 6 T 4
4-21 0246 246 024 0 8 4
4-22 0247 024 024 7 9 2
4-22 0247 027 027 4 T 6
4-23 0257 027 027 5 9 4
4-23 0257 057 027 2 T 4
4-24 0248 048 048 2 T 4
4-24 0248 048 048 2 6 4
4-27 0258 258 036 0 T 2
5-1 01234 0123 0123 4 E 5
5-1 01234 1234 0123 0 5 5
5-2 01235 0123 0123 5 T 5
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Forte Prime Form Subset Subset    Moving Voice
Name Prime Form From To Distance
5-2 01235 0235 0235 1 4 3
5-3 01245 0145 0145 2 3 1
5-3 01245 1245 0134 0 6 6
5-4 01236 0123 0123 6 9 3
5-5 01237 0123 0123 7 8 1
5-5 01237 0127 0127 3 E 4
5-6 01256 0156 0156 2 4 2
5-6 01256 1256 0145 0 7 5
5-7 01267 0127 0127 6 8 2
5-7 01267 0167 0167 2 E 3
5-7 01267 0167 0167 2 5 3
5-7 01267 1267 0156 0 8 4
5-9 01246 0246 0246 1 5 4
5-10 01346 0134 0134 6 T 4
5-10 01346 1346 0235 0 7 5
5-11 02347 0347 0347 2 5 3
5-13 01248 0248 0248 1 3 2
5-14 01257 0127 0127 5 9 4
5-14 01257 0257 0257 1 6 5
5-15 01268 0268 0268 1 7 6
5-16 01347 0134 0134 7 9 2
5-16 01347 0347 0347 1 6 5
5-Z18 01457 0145 0145 7 T 3
5-19 01367 0167 0167 3 T 5
5-19 01367 0167 0167 3 4 1
5-20 01378 0178 0156 3 5 2
5-20 01378 0378 0158 1 2 1
5-21 01458 0145 0145 8 9 1
5-21 01458 0158 0158 4 9 5
5-21 01458 1458 0347 0 9 3
5-23 02357 0235 0235 7 T 3
5-23 02357 0257 0257 3 4 1
5-24 01357 1357 0246 0 8 4
5-25 02358 0235 0235 8 9 1
5-25 02358 0358 0358 2 6 4
5-26 02458 0248 0248 5 E 6
5-27 01358 0158 0158 3 T 5
5-27 01358 0358 0358 1 7 6
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Forte Prime Form Subset Subset    Moving Voice
Name Prime Form From To Distance
5-28 02368 0268 0268 3 E 4
5-28 02368 0268 0268 3 5 2
5-29 01368 1368 0257 0 9 3
5-30 01468 0468 0248 1 E 2
5-31 01369 0369 0369 1 E 2
5-31 01369 0369 0369 1 2 1
5-31 01369 0369 0369 1 5 4
5-31 01369 0369 0369 1 8 5
5-32 01469 0149 0347 6 7 1
5-32 01469 1469 0358 0 T 2
5-33 02468 0246 0246 8 T 2
5-33 02468 0248 0248 6 T 4
5-33 02468 0268 0268 4 T 6
5-33 02468 0468 0248 2 T 4
5-33 02468 2468 0246 0 T 2
5-35 02479 0279 0257 4 5 1
5-35 02479 2479 0257 0 E 1
5-Z36 01247 0127 0127 4 T 6
5-Z38 01258 0158 0158 2 E 3
6-1 012345 01234 01234 5 E 6
6-1 012345 12345 01234 0 6 6
6-2 012346 01234 01234 6 T 4
6-2 012346 02346 02346 1 5 4
6-Z3 012356 01356 01356 2 4 2
6-Z10 013457 13457 02346 0 8 4
6-Z12 012467 12467 01356 0 8 4
6-14 013458 01348 01348 5 E 6
6-14 013458 03458 03458 1 7 6
6-Z17 012478 01478 01478 2 6 4
6-Z19 013478 01348 01348 7 9 2
6-Z19 013478 01478 01478 3 5 2
6-21 023468 02346 02346 8 T 2
6-21 023468 02468 02468 3 5 2
6-22 012468 01268 01268 4 T 6
6-22 012468 02468 02468 1 7 6
6-Z24 013468 01348 01348 6 T 4
6-Z25 013568 01356 01356 8 T 2
6-32 024579 02479 02479 5 E 6
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Forte Prime Form Subset Subset    Moving Voice
Name Prime Form From To Distance
6-32 024579 02579 02479 4 T 6
6-33 023579 02579 02479 3 E 4
6-33 023579 03579 02469 2 T 4
6-34 013579 03579 02469 1 E 2
6-34 013579 13579 02468 0 T 2
6-Z36 012347 01234 01234 7 9 2
6-Z39 023458 03458 03458 2 6 4
6-Z41 012368 01268 01268 3 E 4
6-Z43 012568 01268 01268 5 9 4
6-Z44 012569 01259 03458 6 8 2
6-Z44 012569 01569 01478 2 4 2
6-Z46 012469 02469 02469 1 5 4
6-Z47 012479 02479 02479 1 3 2
7-1 0123456 012345 012345 6 E 5
7-1 0123456 123456 012345 0 7 5
7-2 0123457 012345 012345 7 T 3
7-2 0123457 023457 023457 1 6 5
7-3 0123458 012345 012345 8 9 1
7-3 0123458 012348 012348 5 E 6
7-4 0123467 013467 013467 2 5 3
7-5 0123567 012567 012567 3 4 1
7-5 0123567 123567 012456 0 8 4
7-6 0123478 012348 012348 7 9 2
7-6 0123478 012378 012378 4 E 5
7-7 0123678 012378 012378 6 9 3
7-7 0123678 012678 012678 3 E 4
7-7 0123678 012678 012678 3 5 2
7-7 0123678 123678 012567 0 9 3
7-9 0123468 012348 012348 6 T 4
7-10 0123469 012369 012369 4 E 5
7-10 0123469 023469 023469 1 5 4
7-11 0134568 134568 023457 0 9 3
7-13 0124568 012456 012456 8 T 2
7-14 0123578 012378 012378 5 T 5
7-14 0123578 013578 013578 2 6 4
7-15 0124678 012678 012678 4 T 6
7-16 0123569 012369 012369 5 T 5
7-16 0123569 013569 013569 2 4 2
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Forte Prime Form Subset Subset    Moving Voice
Name Prime Form From To Distance
7-Z18 0123589 023589 014679 1 4 3
7-19 0123679 012369 012369 7 8 1
7-19 0123679 023679 013689 1 8 5
7-20 0124789 012789 012567 4 5 1
7-20 0124789 024789 012579 1 3 2
7-21 0124589 014589 014589 2 E 3
7-21 0124589 014589 014589 2 3 1
7-21 0124589 014589 014589 2 7 5
7-23 0234579 023457 023457 9 T 1
7-23 0234579 024579 024579 3 6 3
7-24 0123579 012579 012579 3 E 4
7-25 0234679 023469 023469 7 E 4
7-25 0234679 023679 013689 4 5 1
7-26 0134579 013479 013479 5 E 6
7-27 0124579 012579 012579 4 T 6
7-27 0124579 024579 024579 1 8 5
7-28 0135679 013569 013569 7 E 4
7-28 0135679 035679 023469 1 E 2
7-29 0124679 014679 014679 2 E 3
7-30 0124689 124689 013578 0 T 2
7-31 0134679 013467 013467 9 T 1
7-31 0134679 013479 013479 6 T 4
7-31 0134679 014679 014679 3 T 5
7-31 0134679 134679 023568 0 T 2
7-32 0134689 013689 013689 4 5 1
7-32 0134689 034689 013569 1 E 2
7-33 012468T 02468T 02468T 1 E 2
7-33 012468T 02468T 02468T 1 3 2
7-33 012468T 02468T 02468T 1 5 4
7-33 012468T 02468T 02468T 1 7 6
7-33 012468T 02468T 02468T 1 9 4
7-35 013568T 01358T 024579 6 7 1
7-35 013568T 13568T 024579 0 E 1
7-Z36 0123568 023568 023568 1 7 6
7-Z38 0124578 124578 013467 0 9 3
8-1 01234567 0123456 0123456 7 E 4
8-1 01234567 1234567 0123456 0 8 4
8-2 01234568 0123456 0123456 8 T 2
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Forte Prime Form Subset Subset    Moving Voice
Name Prime Form From To Distance
8-2 01234568 0234568 0234568 1 7 6
8-4 01234578 0134578 0134578 2 6 4
8-5 01234678 0124678 0124678 3 5 2
8-11 01234579 0123479 0123479 5 E 6
8-12 01345679 1345679 0234568 0 T 2
8-13 01234679 0123479 0123479 6 T 4
8-14 01245679 0124569 0124569 7 E 4
8-16 01235789 1235789 0124678 0 T 2
8-18 01235689 0125689 0125689 3 E 4
8-19 01245689 0124569 0124569 8 T 2
8-19 01245689 0125689 0125689 4 T 6
8-19 01245689 1245689 0134578 0 T 2
8-21 0123468T 012468T 012468T 3 E 4
8-21 0123468T 023468T 012468T 1 5 4
8-22 0123568T 013568T 013568T 2 4 2
8-22 0123568T 023568T 013468T 1 7 6
8-23 0123578T 013578T 013568T 2 6 4
8-23 0123578T 023578T 013568T 1 9 4
8-24 0124568T 012468T 012468T 5 9 4
8-24 0124568T 024568T 012468T 1 9 4
8-27 0124578T 024578T 013468T 1 E 2
9-1 012345678 01234567 01234567 8 E 3
9-1 012345678 12345678 01234567 0 9 3
9-2 012345679 01234567 01234567 9 T 1
9-2 012345679 01234569 01234569 7 E 4
9-2 012345679 02345679 02345679 1 8 5
9-3 012345689 01234569 01234569 8 T 2
9-3 012345689 01234589 01234589 6 E 5
9-3 012345689 01345689 01345689 2 7 5
9-4 012345789 01234589 01234589 7 T 3
9-4 012345789 01234789 01234789 5 E 6
9-4 012345789 01245789 01245789 3 6 3
9-5 012346789 01234789 01234789 6 T 4
9-5 012346789 01236789 01236789 4 E 5
9-5 012346789 01236789 01236789 4 5 1
9-5 012346789 12346789 01235678 0 T 2
9-6 01234568T 0123468T 0123468T 5 E 6
9-6 01234568T 0234568T 0123468T 1 7 6
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Forte Prime Form Subset Subset    Moving Voice
Name Prime Form From To Distance
9-7 01234578T 0123457T 02345679 8 9 1
9-7 01234578T 0123578T 0123578T 4 E 5
9-7 01234578T 0134578T 0124579T 2 6 4
9-8 01234678T 0123468T 0123468T 7 9 2
9-8 01234678T 0124678T 0124678T 3 E 4
9-8 01234678T 0124678T 0124678T 3 5 2
9-8 01234678T 0234678T 0124568T 1 9 4
9-9 01235678T 0123578T 0123578T 6 9 3
9-9 01235678T 0135678T 0123578T 2 E 3
9-10 01234679T 0134679T 0134679T 2 E 3
9-10 01234679T 0134679T 0134679T 2 5 3
9-10 01234679T 0134679T 0134679T 2 8 6
9-11 01235679T 0123569T 01345689 7 8 1
9-11 01235679T 0125679T 01245789 3 4 1
9-11 01235679T 0235679T 0124579T 1 E 2
10-1 0123456789 012345678 012345678 9 E 2
10-1 0123456789 123456789 012345678 0 T 2
10-2 012345678T 01234568T 01234568T 7 E 4
10-2 012345678T 02345678T 01234568T 1 9 4
10-3 012345679T 01234679T 01234679T 5 E 6
10-3 012345679T 01345679T 01234679T 2 8 6
10-4 012345689T 01245689T 01245689T 3 E 4
10-4 012345689T 01245689T 01245689T 3 7 4
10-5 012345789T 01235789T 01235678T 4 6 2
10-5 012345789T 02345789T 01235678T 1 E 2
11-1 0123456789T 0123456789 0123456789 T E 1
11-1 0123456789T 45679T0123 012345679T 8 E 3
11-1 0123456789T 345789T012 012345789T 6 E 5
11-1 0123456789T 012346789T 012346789T 5 E 6
11-1 0123456789T 2356789T01 012345789T 4 E 5
11-1 0123456789T 13456789T0 012345679T 2 E 3
11-1 0123456789T 123456789T 0123456789 0 E 1
11-1 0123456789T 012345678T 012345678T 9 E 2
11-1 0123456789T 012345689T 01234568T 7 E 4
11-1 0123456789T 012456789T 01234568T 3 E 4
11-1 0123456789T 023456789T 012345678T 1 E 2
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Appendix 4B: List of  All Distinct J2-Inversions
 The table below presents the corresponding information for all distinct J2-inversions.  
Here, however, a new situation arises that was not found the J1-inversions: sometimes, a subset 
class with multiple axes of inversion will produce identical resulting pitches regardless of which 
axis of inversion is used.  Though each transformation will be listed here, any such duplications 
collectively count as just one distinct J-inversion for the weighted list of Appendix 3.
  
Forte Prime Form Subset Subset     Moving Voices
Name Prime Form From To Distance
4-1 0123 01 01 2, 3 E, T 3, 5
4-1 0123 23 01 0, 1 5, 4 5, 3
4-2 0124 01 01 2, 4 E, 9 3, 5
4-2 0124 12 01 0, 4 3, E 3, 5
4-2 0124 14 03 0, 2 5, 3 5, 1
4-2 0124 24 02 0, 1 6, 5 6, 4
4-3 0134 01 01 3, 4 T, 9 5, 5
4-3 0134 03 03 1, 4 2, E 1, 5
4-3 0134 14 03 0, 3 5, 2 5, 1
4-3 0134 34 01 0, 1 7, 6 5, 5
4-4 0125 01 01 2, 5 E, 8 3, 3
4-4 0125 05 05 1, 2 4, 3 3, 1
4-4 0125 12 01 0, 5 3, T 3, 5
4-4 0125 15 04 0, 2 6, 4 6, 2
4-4 0125 25 03 0, 1 7, 6 5, 5
4-5 0126 01 01 2, 6 E, 7 3, 1
4-5 0126 06 06 1, 2 E, T 2, 4
4-5 0126 06 06 1, 2 5, 4 4, 2
4-5 0126 12 01 0, 6 3, 9 3, 3
4-5 0126 16 05 0, 2 7, 5 5, 3
4-5 0126 26 04 0, 1 8, 7 4, 6
4-6 0127 01 01 2, 7 E, 6 3, 1
4-6 0127 07 05 1, 2 6, 5 5, 3
4-6 0127 12 01 0, 7 3, 8 3, 1
4-6 0127 17 06 0, 2 8, 6 4, 4
4-6 0127 27 05 0, 1 9, 8 3, 5
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Forte Prime Form Subset Subset     Moving Voices
Name Prime Form From To Distance
4-7 0145 01 01 4, 5 9, 8 5, 3
4-7 0145 04 04 1, 5 3, E 2, 6
4-7 0145 15 04 0, 4 6, 2 6, 2
4-7 0145 45 01 0, 1 9, 8 3, 5
4-8 0156 01 01 5, 6 8, 7 3, 1
4-8 0156 05 05 1, 6 4, E 3, 5
4-8 0156 06 06 1, 5 E, 7 2, 2
4-8 0156 16 05 0, 5 7, 2 5, 3
4-8 0156 56 01 0, 1 E, T 1, 3
4-9 0167 06 06 1, 7 E, 5 2, 2
4-9 0167 06 06 1, 7 5, E 4, 4
4-9 0167 17 06 0, 6 2, 8 2, 2
4-9 0167 17 06 0, 6 8, 2 4, 4
4-10 0235 02 02 3, 5 E, 9 4, 4
4-10 0235 03 03 2, 5 1, T 1, 5
4-10 0235 25 03 0, 3 7, 4 5, 1
4-10 0235 35 02 0, 2 8, 6 4, 4
4-11 0135 01 01 3, 5 T, 8 5, 3
4-11 0135 03 03 1, 5 2, T 1, 5
4-11 0135 05 05 1, 3 4, 2 3, 1
4-11 0135 13 02 0, 5 4, E 4, 6
4-11 0135 35 02 0, 1 8, 7 4, 6
4-12 0236 02 02 3, 6 E, 8 4, 2
4-12 0236 03 03 2, 6 1, 9 1, 3
4-12 0236 06 06 2, 3 T, 9 4, 6
4-12 0236 23 01 0, 6 5, E 5, 5
4-12 0236 26 04 0, 3 8, 5 4, 2
4-12 0236 36 03 0, 2 9, 7 3, 5
4-13 0136 01 01 3, 6 T, 7 5, 1
4-13 0136 03 03 1, 6 2, 9 1, 3
4-13 0136 06 06 1, 3 E, 9 2, 6
4-13 0136 13 02 0, 6 4, T 4, 4
4-13 0136 16 05 0, 3 7, 4 5, 1
4-13 0136 36 03 0, 1 9, 8 3, 5
4-14 0237 03 03 2, 7 1, 8 1, 1
4-14 0237 07 05 2, 3 5, 4 3, 1
4-14 0237 23 01 0, 7 5, T 5, 3
4-14 0237 27 05 0, 3 9, 6 3, 3
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Forte Prime Form Subset Subset     Moving Voices
Name Prime Form From To Distance
4-14 0237 37 04 0, 2 T, 8 2, 6
4-Z15 0146 01 01 4, 6 9, 7 5, 1
4-Z15 0146 04 04 1, 6 3, T 2, 4
4-Z15 0146 06 06 1, 4 E, 8 2, 4
4-Z15 0146 06 06 1, 4 5, 2 4, 2
4-Z15 0146 14 03 0, 6 5, E 5, 5
4-Z15 0146 16 05 0, 4 7, 3 5, 1
4-Z15 0146 46 02 0, 1 T, 9 2, 4
4-16 0157 01 01 5, 7 8, 6 3, 1
4-16 0157 05 05 1, 7 4, T 3, 3
4-16 0157 07 05 1, 5 6, 2 5, 3
4-16 0157 15 04 0, 7 6, E 6, 4
4-16 0157 17 06 0, 5 2, 9 2, 4
4-16 0157 17 06 0, 5 8, 3 4, 2
4-17 0347 03 03 4, 7 E, 8 5, 1
4-17 0347 04 04 3, 7 1, 9 2, 2
4-17 0347 37 04 0, 4 T, 6 2, 2
4-17 0347 47 03 0, 3 E, 8 1, 5
4-18 0147 01 01 4, 7 9, 6 5, 1
4-18 0147 04 04 1, 7 3, 9 2, 2
4-18 0147 07 05 1, 4 6, 3 5, 1
4-18 0147 14 03 0, 7 5, T 5, 3
4-18 0147 17 06 0, 4 2, T 2, 6
4-18 0147 47 03 0, 1 E, T 1, 3
4-19 0148 01 01 4, 8 9, 5 5, 3
4-19 0148 14 03 0, 8 5, 9 5, 1
4-19 0148 18 05 0, 4 9, 5 3, 1
4-20 0158 05 05 1, 8 4, 9 3, 1
4-20 0158 08 04 1, 5 7, 3 6, 2
4-20 0158 15 04 0, 8 6, T 6, 2
4-20 0158 18 05 0, 5 9, 4 3, 1
4-21 0246 02 02 4, 6 T, 8 6, 2
4-21 0246 06 06 2, 4 T, 8 4, 4
4-21 0246 46 02 0, 2 T, 8 2, 6
4-22 0247 07 05 2, 4 5, 3 3, 1
4-22 0247 24 02 0, 7 6, E 6, 4
4-22 0247 27 05 0, 4 9, 5 3, 1
4-22 0247 47 03 0, 2 E, 9 1, 5
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Forte Prime Form Subset Subset     Moving Voices
Name Prime Form From To Distance
4-23 0257 05 05 2, 7 3, T 1, 3
4-23 0257 27 05 0, 5 9, 4 3, 1
4-24 0248 02 02 4, 8 T, 6 6, 2
4-24 0248 24 02 0, 8 6, T 6, 2
4-24 0248 28 06 0, 4 T, 6 2, 2
4-25 0268 06 06 2, 8 T, 4 4, 4
4-25 0268 06 06 2, 8 4, T 2, 2
4-25 0268 28 06 0, 6 4, T 4, 4
4-25 0268 28 06 0, 6 T, 4 2, 2
4-26 0358 03 03 5, 8 T, 7 5, 1
4-26 0358 05 05 3, 8 2, 9 1, 1
4-26 0358 38 05 0, 5 E, 6 1, 1
4-26 0358 58 03 0, 3 1, T 1, 5
4-27 0258 02 02 5, 8 9, 6 4, 2
4-27 0258 05 05 2, 8 3, 9 1, 1
4-27 0258 08 04 2, 5 6, 3 4, 2
4-27 0258 25 03 0, 8 7, E 5, 3
4-27 0258 28 06 0, 5 4, E 4, 6
4-27 0258 58 03 0, 2 1, E 1, 3
4-Z29 0137 01 01 3, 7 T, 6 5, 1
4-Z29 0137 03 03 1, 7 2, 8 1, 1
4-Z29 0137 07 05 1, 3 6, 4 5, 1
4-Z29 0137 13 02 0, 7 4, 9 4, 2
4-Z29 0137 17 06 0, 3 2, E 2, 4
4-Z29 0137 17 06 0, 3 8, 5 4, 2
4-Z29 0137 37 04 0, 1 T, 9 2, 4
5-1 01234 012 012 3, 4 E, T 4, 6
5-1 01234 234 012 0, 1 6, 5 6, 4
5-2 01235 012 012 3, 5 E, 9 4, 4
5-2 01235 123 012 0, 5 4, E 4, 6
5-2 01235 135 024 0, 2 6, 4 6, 2
5-3 01245 012 012 4, 5 T, 9 6, 4
5-3 01245 024 024 1, 5 3, E 2, 6
5-4 01236 012 012 3, 6 E, 8 4, 2
5-4 01236 036 036 1, 2 5, 4 4, 2
5-4 01236 123 012 0, 6 4, T 4, 4
5-5 01237 123 012 0, 7 4, 9 4, 2
5-6 01256 012 012 5, 6 9, 8 4, 2
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Forte Prime Form Subset Subset     Moving Voices
Name Prime Form From To Distance
5-8 02346 024 024 3, 6 1, T 2, 4
5-8 02346 246 024 0, 3 8, 5 4, 2
5-9 01246 012 012 4, 6 T, 8 6, 2
5-9 01246 024 024 1, 6 3, T 2, 4
5-9 01246 246 024 0, 1 8, 7 4, 6
5-10 01346 036 036 1, 4 5, 2 4, 2
5-11 02347 024 024 3, 7 1, 9 2, 2
5-11 02347 027 027 3, 4 E, T 4, 6
5-11 02347 234 012 0, 7 6, E 6, 4
5-13 01248 012 012 4, 8 T, 6 6, 2
5-13 01248 048 048 1, 2 E, T 2, 4
5-13 01248 048 048 1, 2 7, 6 6, 4
5-14 01257 057 027 1, 2 E, T 2, 4
5-16 01347 147 036 0, 3 8, 5 4, 2
5-Z17 01348 048 048 1, 3 E, 9 2, 6
5-Z17 01348 048 048 1, 3 7, 5 6, 2
5-Z18 01457 057 027 1, 4 E, 8 2, 4
5-Z18 01457 147 036 0, 5 8, 3 4, 2
5-19 01367 036 036 1, 7 5, E 4, 4
5-20 01378 138 027 0, 7 4, 9 4, 2
5-21 01458 048 048 1, 5 E, 7 2, 2
5-21 01458 048 048 1, 5 3, E 2, 6
5-21 01458 048 048 1, 5 7, 3 6, 2
5-22 01478 048 048 1, 7 E, 5 2, 2
5-22 01478 048 048 1, 7 3, 9 2, 2
5-23 02357 027 027 3, 5 E, 9 4, 4
5-23 02357 057 027 2, 3 T, 9 4, 6
5-23 02357 357 024 0, 2 T, 8 2, 6
5-24 01357 057 027 1, 3 E, 9 2, 6
5-24 01357 135 024 0, 7 6, E 6, 4
5-24 01357 357 024 0, 1 T, 9 2, 4
5-25 02358 258 036 0, 3 T, 7 2, 4
5-26 02458 048 048 2, 5 T, 7 4, 2
5-26 02458 048 048 2, 5 6, 3 4, 2
5-26 02458 258 036 0, 4 T, 6 2, 2
5-27 01358 135 024 0, 8 6, T 6, 2
5-27 01358 138 027 0, 5 4, E 4, 6
5-28 02368 036 036 2, 8 4, T 2, 2
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Forte Prime Form Subset Subset     Moving Voices
Name Prime Form From To Distance
5-29 01368 036 036 1, 8 5, T 4, 2
5-29 01368 138 027 0, 6 4, T 4, 4
5-29 01368 168 027 0, 3 2, E 2, 4
5-30 01468 048 048 1, 6 3, T 2, 4
5-30 01468 048 048 1, 6 7, 2 6, 4
5-30 01468 168 027 0, 4 2, T 2, 6
5-32 01469 069 036 1, 4 5, 2 4, 2
5-34 02469 024 024 6, 9 T, 7 4, 2
5-34 02469 246 024 0, 9 8, E 4, 2
5-35 02479 027 027 4, 9 T, 5 6, 4
5-35 02479 249 027 0, 7 6, E 6, 4
5-Z36 01247 024 024 1, 7 3, 9 2, 2
5-Z36 01247 147 036 0, 2 8, 6 4, 4
5-Z37 03458 048 048 3, 5 9, 7 6, 2
5-Z37 03458 048 048 3, 5 1, E 2, 6
5-Z38 01258 012 012 5, 8 9, 6 4, 2
5-Z38 01258 258 036 0, 1 T, 9 2, 4
6-1 012345 0123 0123 4, 5 E, T 5, 5
6-1 012345 2345 0123 0, 1 7, 6 5, 5
6-2 012346 0123 0123 4, 6 E, 9 5, 3
6-2 012346 1234 0123 0, 6 5, E 5, 5
6-2 012346 1346 0235 0, 2 7, 5 5, 3
6-Z3 012356 0123 0123 5, 6 T, 9 5, 3
6-Z3 012356 0235 0235 1, 6 4, E 3, 5
6-Z3 012356 1256 0145 0, 3 7, 4 5, 1
6-Z3 012356 2356 0134 0, 1 8, 7 4, 6
6-Z4 012456 0145 0145 2, 6 3, E 1, 5
6-Z4 012456 1256 0145 0, 4 7, 3 5, 1
6-5 012367 0123 0123 6, 7 9, 8 3, 1
6-5 012367 0127 0127 3, 6 E, 8 4, 2
6-5 012367 0167 0167 2, 3 E, T 3, 5
6-5 012367 0167 0167 2, 3 5, 4 3, 1
6-5 012367 1267 0156 0, 3 8, 5 4, 2
6-5 012367 2367 0145 0, 1 9, 8 3, 5
6-Z6 012567 0127 0127 5, 6 9, 8 4, 2
6-Z6 012567 0156 0156 2, 7 4, E 2, 4
6-Z6 012567 0167 0167 2, 5 E, 8 3, 3
6-Z6 012567 0567 0127 1, 2 E, T 2, 4
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Forte Prime Form Subset Subset     Moving Voices
Name Prime Form From To Distance
6-Z6 012567 1267 0156 0, 5 8, 3 4, 2
6-7 012678 0167 0167 2, 8 E, 5 3, 3
6-7 012678 0167 0167 2, 8 5, E 3, 3
6-7 012678 1278 0167 0, 6 3, 9 3, 3
6-7 012678 1278 0167 0, 6 9, 3 3, 3
6-8 023457 0235 0235 4, 7 1, T 3, 3
6-8 023457 2457 0235 0, 3 9, 6 3, 3
6-9 012357 0123 0123 5, 7 T, 8 5, 1
6-9 012357 0127 0127 3, 5 E, 9 4, 4
6-9 012357 0235 0235 1, 7 4, T 3, 3
6-9 012357 0257 0257 1, 3 6, 4 5, 1
6-9 012357 1357 0246 0, 2 8, 6 4, 4
6-Z10 013457 0134 0134 5, 7 E, 9 6, 2
6-Z10 013457 0145 0145 3, 7 2, T 1, 3
6-Z10 013457 0347 0347 1, 5 6, 2 5, 3
6-Z11 012457 0127 0127 4, 5 T, 9 6, 4
6-Z11 012457 0145 0145 2, 7 3, T 1, 3
6-Z11 012457 0257 0257 1, 4 6, 3 5, 1
6-Z11 012457 1245 0134 0, 7 6, E 6, 4
6-Z11 012457 2457 0235 0, 1 9, 8 3, 5
6-Z12 012467 0127 0127 4, 6 T, 8 6, 2
6-Z12 012467 0167 0167 2, 4 E, 9 3, 5
6-Z12 012467 0167 0167 2, 4 5, 3 3, 1
6-Z12 012467 0246 0246 1, 7 5, E 4, 4
6-Z13 013467 0134 0134 6, 7 T, 9 4, 2
6-Z13 013467 0167 0167 3, 4 T, 9 5, 5
6-Z13 013467 3467 0134 0, 1 T, 9 2, 4
6-14 013458 0145 0145 3, 8 2, 9 1, 1
6-14 013458 0158 0158 3, 4 T, 9 5, 5
6-14 013458 1458 0347 0, 3 9, 6 3, 3
6-15 012458 0145 0145 2, 8 3, 9 1, 1
6-15 012458 0158 0158 2, 4 E, 9 3, 5
6-15 012458 0248 0248 1, 5 3, E 2, 6
6-15 012458 1245 0134 0, 8 6, T 6, 2
6-15 012458 1458 0347 0, 2 9, 7 3, 5
6-16 014568 0145 0145 6, 8 E, 9 5, 1
6-16 014568 0156 0156 4, 8 2, T 2, 2
6-16 014568 0158 0158 4, 6 9, 7 5, 1
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6-16 014568 0468 0248 1, 5 E, 7 2, 2
6-16 014568 1458 0347 0, 6 9, 3 3, 3
6-Z17 012478 0127 0127 4, 8 T, 6 6, 2
6-Z17 012478 0248 0248 1, 7 3, 9 2, 2
6-Z17 012478 1278 0167 0, 4 3, E 3, 5
6-Z17 012478 1278 0167 0, 4 9, 5 3, 1
6-18 012578 0127 0127 5, 8 9, 6 4, 2
6-18 012578 0158 0158 2, 7 E, 6 3, 1
6-18 012578 0178 0156 2, 5 6, 3 4, 2
6-18 012578 0257 0257 1, 8 6, E 5, 3
6-18 012578 1278 0167 0, 5 3, T 3, 5
6-18 012578 1278 0167 0, 5 9, 4 3, 1
6-Z19 013478 0347 0347 1, 8 6, E 5, 3
6-Z19 013478 0378 0158 1, 4 2, E 1, 5
6-Z19 013478 3478 0145 0, 1 E, T 1, 3
6-21 023468 0248 0248 3, 6 1, T 2, 4
6-21 023468 0268 0268 3, 4 E, T 4, 6
6-21 023468 0468 0248 2, 3 T, 9 4, 6
6-21 023468 2468 0246 0, 3 T, 7 2, 4
6-22 012468 0246 0246 1, 8 5, T 4, 2
6-22 012468 0248 0248 1, 6 3, T 2, 4
6-22 012468 0468 0248 1, 2 E, T 2, 4
6-22 012468 2468 0246 0, 1 T, 9 2, 4
6-Z23 023568 0235 0235 6, 8 E, 9 5, 1
6-Z23 023568 0268 0268 3, 5 E, 9 4, 4
6-Z23 023568 3568 0235 0, 2 E, 9 1, 5
6-Z24 013468 0468 0248 1, 3 E, 9 2, 6
6-Z24 013468 1346 0235 0, 8 7, E 5, 3
6-Z24 013468 1368 0257 0, 4 9, 5 3, 1
6-Z25 013568 0158 0158 3, 6 T, 7 5, 1
6-Z25 013568 0358 0358 1, 6 7, 2 6, 4
6-Z25 013568 1368 0257 0, 5 9, 4 3, 1
6-Z25 013568 3568 0235 0, 1 E, T 1, 3
6-Z26 013578 0158 0158 3, 7 T, 6 5, 1
6-Z26 013578 0378 0158 1, 5 2, T 1, 5
6-27 013469 0134 0134 6, 9 T, 7 4, 2
6-27 013469 0149 0347 3, 6 T, 7 5, 1
6-27 013469 0369 0369 1, 4 E, 8 2, 4
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6-27 013469 0369 0369 1, 4 2, E 1, 5
6-27 013469 0369 0369 1, 4 5, 2 4, 2
6-27 013469 0369 0369 1, 4 8, 5 5, 1
6-27 013469 1346 0235 0, 9 7, T 5, 1
6-27 013469 1469 0358 0, 3 T, 7 2, 4
6-Z28 013569 0369 0369 1, 5 E, 7 2, 2
6-Z28 013569 0369 0369 1, 5 2, T 1, 5
6-Z28 013569 0369 0369 1, 5 8, 4 5, 1
6-Z29 013689 0369 0369 1, 8 E, 4 2, 4
6-Z29 013689 0369 0369 1, 8 2, 7 1, 1
6-Z29 013689 0369 0369 1, 8 5, T 4, 2
6-30 013679 0167 0167 3, 9 T, 4 5, 5
6-30 013679 0167 0167 3, 9 4, T 1, 1
6-30 013679 0369 0369 1, 7 E, 5 2, 2
6-30 013679 0369 0369 1, 7 2, 8 1, 1
6-30 013679 0369 0369 1, 7 5, E 4, 4
6-30 013679 0369 0369 1, 7 8, 2 5, 5
6-30 013679 1379 0268 0, 6 4, T 4, 4
6-30 013679 1379 0268 0, 6 T, 4 2, 2
6-31 013589 0158 0158 3, 9 T, 4 5, 5
6-31 013589 0189 0145 3, 5 6, 4 3, 1
6-31 013589 0358 0358 1, 9 7, E 6, 2
6-31 013589 0589 0347 1, 3 4, 2 3, 1
6-31 013589 1359 0248 0, 8 6, T 6, 2
6-32 024579 0257 0257 4, 9 3, T 1, 1
6-32 024579 2479 0257 0, 5 E, 6 1, 1
6-33 023579 0235 0235 7, 9 T, 8 3, 1
6-33 023579 0257 0257 3, 9 4, T 1, 1
6-33 023579 0279 0257 3, 5 6, 4 3, 1
6-34 013579 1357 0246 0, 9 8, E 4, 2
6-34 013579 1359 0248 0, 7 6, E 6, 4
6-34 013579 1379 0268 0, 5 4, E 4, 6
6-34 013579 1579 0248 0, 3 2, E 2, 4
6-Z36 012347 0123 0123 4, 7 E, 8 5, 1
6-Z36 012347 0127 0127 3, 4 E, T 4, 6
6-Z36 012347 0347 0347 1, 2 6, 5 5, 3
6-Z36 012347 1234 0123 0, 7 5, T 5, 3
6-Z37 012348 0123 0123 4, 8 E, 7 5, 1
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6-Z37 012348 1234 0123 0, 8 5, 9 5, 1
6-Z38 012378 0127 0127 3, 8 E, 6 4, 2
6-Z38 012378 0178 0156 2, 3 6, 5 4, 2
6-Z38 012378 1238 0127 0, 7 4, 9 4, 2
6-Z38 012378 1278 0167 0, 3 9, 6 3, 3
6-Z38 012378 2378 0156 0, 1 T, 9 2, 4
6-Z39 023458 0235 0235 4, 8 1, 9 3, 1
6-Z39 023458 0248 0248 3, 5 1, E 2, 6
6-Z39 023458 2345 0123 0, 8 7, E 5, 3
6-Z40 012358 0123 0123 5, 8 T, 7 5, 1
6-Z40 012358 0158 0158 2, 3 E, T 3, 5
6-Z40 012358 0235 0235 1, 8 4, 9 3, 1
6-Z40 012358 0358 0358 1, 2 7, 6 6, 4
6-Z40 012358 1238 0127 0, 5 4, E 4, 6
6-Z41 012368 0123 0123 6, 8 9, 7 3, 1
6-Z41 012368 0268 0268 1, 3 7, 5 6, 2
6-Z41 012368 1238 0127 0, 6 4, T 4, 4
6-Z41 012368 1368 0257 0, 2 9, 7 3, 5
6-Z42 012369 0369 0369 1, 2 E, T 2, 4
6-Z42 012369 0369 0369 1, 2 5, 4 4, 2
6-Z42 012369 0369 0369 1, 2 8, 7 5, 5
6-Z43 012568 0156 0156 2, 8 4, T 2, 2
6-Z43 012568 0158 0158 2, 6 E, 7 3, 1
6-Z43 012568 0268 0268 1, 5 7, 3 6, 2
6-Z43 012568 1256 0145 0, 8 7, E 5, 3
6-Z44 012569 1256 0145 0, 9 7, T 5, 1
6-Z44 012569 1269 0158 0, 5 3, T 3, 5
6-Z44 012569 2569 0347 0, 1 E, T 1, 3
6-Z45 023469 0369 0369 2, 4 T, 8 4, 4
6-Z45 023469 0369 0369 2, 4 1, E 1, 5
6-Z45 023469 0369 0369 2, 4 7, 5 5, 1
6-Z46 012469 0149 0347 2, 6 E, 7 3, 1
6-Z46 012469 1269 0158 0, 4 3, E 3, 5
6-Z46 012469 1469 0358 0, 2 T, 8 2, 6
6-Z47 012479 0127 0127 4, 9 T, 5 6, 4
6-Z47 012479 0149 0347 2, 7 E, 6 3, 1
6-Z47 012479 0279 0257 1, 4 8, 5 5, 1
6-Z47 012479 2479 0257 0, 1 E, T 1, 3
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6-Z48 012579 0257 0257 1, 9 6, T 5, 1
6-Z48 012579 0279 0257 1, 5 8, 4 5, 1
6-Z49 013479 0149 0347 3, 7 T, 6 5, 1
6-Z49 013479 0347 0347 1, 9 6, T 5, 1
6-Z49 013479 1379 0268 0, 4 T, 6 2, 2
6-Z50 014679 0167 0167 4, 9 3, T 1, 1
6-Z50 014679 0479 0358 1, 6 3, T 2, 4
6-Z50 014679 1469 0358 0, 7 T, 3 2, 4
7-1 0123456 01234 01234 5, 6 E, T 6, 4
7-1 0123456 23456 01234 0, 1 8, 7 4, 6
7-2 0123457 01234 01234 5, 7 E, 9 6, 2
7-2 0123457 12345 01234 0, 7 6, E 6, 4
7-2 0123457 13457 02346 0, 2 8, 6 4, 4
7-3 0123458 03458 03458 1, 2 7, 6 6, 4
7-3 0123458 12345 01234 0, 8 6, T 6, 2
7-4 0123467 01234 01234 6, 7 T, 9 4, 2
7-4 0123467 02346 02346 1, 7 5, E 4, 4
7-4 0123467 12467 01356 0, 3 8, 5 4, 2
7-5 0123567 01356 01356 2, 7 4, E 2, 4
7-6 0123478 01478 01478 2, 3 6, 5 4, 2
7-8 0234568 02346 02346 5, 8 1, T 4, 2
7-8 0234568 24568 02346 0, 3 T, 7 2, 4
7-9 0123468 01268 01268 3, 4 E, T 4, 6
7-9 0123468 02346 02346 1, 8 5, T 4, 2
7-9 0123468 02468 02468 1, 3 7, 5 6, 2
7-10 0123469 01234 01234 6, 9 T, 7 4, 2
7-11 0134568 01348 01348 5, 6 E, T 6, 4
7-11 0134568 01356 01356 4, 8 2, T 2, 2
7-11 0134568 03458 03458 1, 6 7, 2 6, 4
7-13 0124568 01268 01268 4, 5 T, 9 6, 4
7-13 0124568 02468 02468 1, 5 7, 3 6, 2
7-13 0124568 24568 02346 0, 1 T, 9 2, 4
7-14 0123578 23578 01356 0, 1 T, 9 2, 4
7-16 0123569 01259 03458 3, 6 E, 8 4, 2
7-Z17 0124569 01259 03458 4, 6 T, 8 6, 2
7-Z17 0124569 14569 03458 0, 2 T, 8 2, 6
7-Z18 0123589 01259 03458 3, 8 E, 6 4, 2
7-Z18 0123589 12589 01478 0, 3 T, 7 2, 4
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7-19 0123679 12379 01268 0, 6 4, T 4, 4
7-20 0124789 01478 01478 2, 9 6, E 4, 2
7-21 0124589 01259 03458 4, 8 T, 6 6, 2
7-21 0124589 12459 01348 0, 8 6, T 6, 2
7-21 0124589 12589 01478 0, 4 T, 6 2, 2
7-22 0125689 01569 01478 2, 8 4, T 2, 2
7-22 0125689 12589 01478 0, 6 T, 4 2, 2
7-23 0234579 02479 02479 3, 5 1, E 2, 6
7-23 0234579 02579 02479 3, 4 E, T 4, 6
7-23 0234579 03579 02469 2, 4 T, 8 4, 4
7-24 0123579 03579 02469 1, 2 E, T 2, 4
7-24 0123579 12379 01268 0, 5 4, E 4, 6
7-24 0123579 13579 02468 0, 2 T, 8 2, 6
7-25 0234679 02479 02479 3, 6 1, T 2, 4
7-26 0134579 03579 02469 1, 4 E, 8 2, 4
7-26 0134579 13457 02346 0, 9 8, E 4, 2
7-26 0134579 13579 02468 0, 4 T, 6 2, 2
7-27 0124579 02479 02479 1, 5 3, E 2, 6
7-27 0124579 12459 01348 0, 7 6, E 6, 4
7-28 0135679 13579 02468 0, 6 T, 4 2, 2
7-29 0124679 02469 02469 1, 7 5, E 4, 4
7-29 0124679 02479 02479 1, 6 3, T 2, 4
7-29 0124679 12467 01356 0, 9 8, E 4, 2
7-30 0124689 01268 01268 4, 9 T, 5 6, 4
7-30 0124689 02468 02468 1, 9 7, E 6, 2
7-30 0124689 02469 02469 1, 8 5, T 4, 2
7-32 0134689 01348 01348 6, 9 T, 7 4, 2
7-34 013468T 0368T 02469 1, 4 5, 2 4, 2
7-34 013468T 1468T 02469 0, 3 2, E 2, 4
7-35 013568T 0358T 02479 1, 6 7, 2 6, 4
7-35 013568T 1368T 02479 0, 5 4, E 4, 6
7-Z36 0123568 01268 01268 3, 5 E, 9 4, 4
7-Z36 0123568 01356 01356 2, 8 4, T 2, 2
7-Z37 0134578 01348 01348 5, 7 E, 9 6, 2
7-Z37 0134578 04578 01348 1, 3 E, 9 2, 6
7-Z38 0124578 01478 01478 2, 5 6, 3 4, 2
7-Z38 0124578 04578 01348 1, 2 E, T 2, 4
8-1 01234567 012345 012345 6, 7 E, T 5, 3
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8-1 01234567 234567 012345 0, 1 9, 8 3, 5
8-2 01234568 012345 012345 6, 8 E, 9 5, 1
8-2 01234568 012348 012348 5, 6 E, T 6, 4
8-2 01234568 123456 012345 0, 8 7, E 5, 3
8-2 01234568 134568 023457 0, 2 9, 7 3, 5
8-3 01234569 012345 012345 6, 9 E, 8 5, 1
8-3 01234569 012369 012369 4, 5 E, T 5, 5
8-3 01234569 034569 012369 1, 2 8, 7 5, 5
8-3 01234569 123456 012345 0, 9 7, T 5, 1
8-4 01234578 012345 012345 7, 8 T, 9 3, 1
8-4 01234578 012348 012348 5, 7 E, 9 6, 2
8-4 01234578 012378 012378 4, 5 E, T 5, 5
8-4 01234578 023457 023457 1, 8 6, E 5, 3
8-4 01234578 124578 013467 0, 3 9, 6 3, 3
8-5 01234678 012348 012348 6, 7 T, 9 4, 2
8-5 01234678 012378 012378 4, 6 E, 9 5, 3
8-5 01234678 012678 012678 3, 4 E, T 4, 6
8-5 01234678 013467 013467 2, 8 5, E 3, 3
8-5 01234678 123678 012567 0, 4 9, 5 3, 1
8-5 01234678 234678 012456 0, 1 T, 9 2, 4
8-6 01235678 012378 012378 5, 6 T, 9 5, 3
8-6 01235678 012567 012567 3, 8 4, E 1, 3
8-6 01235678 012678 012678 3, 5 E, 9 4, 4
8-6 01235678 015678 012378 2, 3 E, T 3, 5
8-6 01235678 123678 012567 0, 5 9, 4 3, 1
8-7 01234589 012348 012348 5, 9 E, 7 6, 2
8-7 01234589 014589 014589 2, 3 E, T 3, 5
8-7 01234589 014589 014589 2, 3 7, 6 5, 3
8-7 01234589 123459 012348 0, 8 6, T 6, 2
8-8 01234789 012378 012378 4, 9 E, 6 5, 3
8-8 01234789 012789 012567 3, 4 6, 5 3, 1
8-8 01234789 123489 012378 0, 7 5, T 5, 3
8-8 01234789 123789 012678 0, 4 T, 6 2, 2
8-8 01234789 234789 012567 0, 1 E, T 1, 3
8-9 01236789 012678 012678 3, 9 E, 5 4, 4
8-9 01236789 012678 012678 3, 9 5, E 2, 2
8-9 01236789 123789 012678 0, 6 4, T 4, 4
8-9 01236789 123789 012678 0, 6 T, 4 2, 2
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8-10 02345679 023457 023457 6, 9 1, T 5, 1
8-10 02345679 023469 023469 5, 7 1, E 4, 4
8-10 02345679 035679 023469 2, 4 T, 8 4, 4
8-10 02345679 245679 023457 0, 3 E, 8 1, 5
8-11 01234579 012345 012345 7, 9 T, 8 3, 1
8-11 01234579 012579 012579 3, 4 E, T 4, 6
8-11 01234579 023457 023457 1, 9 6, T 5, 1
8-11 01234579 024579 024579 1, 3 8, 6 5, 3
8-11 01234579 123459 012348 0, 7 6, E 6, 4
8-12 01345679 013467 013467 5, 9 2, T 3, 1
8-12 01345679 013479 013479 5, 6 E, T 6, 4
8-12 01345679 013569 013569 4, 7 2, E 2, 4
8-12 01345679 014679 014679 3, 5 T, 8 5, 3
8-12 01345679 034569 012369 1, 7 8, 2 5, 5
8-12 01345679 035679 023469 1, 4 E, 8 2, 4
8-13 01234679 012369 012369 4, 7 E, 8 5, 1
8-13 01234679 013467 013467 2, 9 5, T 3, 1
8-13 01234679 014679 014679 2, 3 E, T 3, 5
8-13 01234679 023469 023469 1, 7 5, E 4, 4
8-13 01234679 023679 013689 1, 4 8, 5 5, 1
8-13 01234679 134679 023568 0, 2 T, 8 2, 6
8-14 01245679 012567 012567 4, 9 3, T 1, 1
8-14 01245679 012579 012579 4, 6 T, 8 6, 2
8-14 01245679 014679 014679 2, 5 E, 8 3, 3
8-14 01245679 024579 024579 1, 6 8, 3 5, 3
8-14 01245679 245679 023457 0, 1 E, T 1, 3
8-Z15 01234689 012348 012348 6, 9 T, 7 4, 2
8-Z15 01234689 012369 012369 4, 8 E, 7 5, 1
8-Z15 01234689 013689 013689 2, 4 7, 5 5, 1
8-Z15 01234689 023469 023469 1, 8 5, T 4, 2
8-Z15 01234689 034689 013569 1, 2 E, T 2, 4
8-Z15 01234689 123489 012378 0, 6 5, E 5, 5
8-Z15 01234689 124689 013578 0, 3 T, 7 2, 4
8-16 01235789 012378 012378 5, 9 T, 6 5, 3
8-16 01235789 012579 012579 3, 8 E, 6 4, 2
8-16 01235789 012789 012567 3, 5 6, 4 3, 1
8-16 01235789 013578 013578 2, 9 6, E 4, 2
8-16 01235789 023589 014679 1, 7 4, T 3, 3
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8-16 01235789 123789 012678 0, 5 4, E 4, 6
8-17 01345689 013569 013569 4, 8 2, T 2, 2
8-17 01345689 014589 014589 3, 6 T, 7 5, 1
8-17 01345689 014589 014589 3, 6 2, E 1, 5
8-17 01345689 034689 013569 1, 5 E, 7 2, 2
8-18 01235689 012369 012369 5, 8 T, 7 5, 1
8-18 01235689 013569 013569 2, 8 4, T 2, 2
8-18 01235689 013689 013689 2, 5 7, 4 5, 1
8-18 01235689 023568 023568 1, 9 7, E 6, 2
8-18 01235689 023589 014679 1, 6 4, E 3, 5
8-18 01235689 235689 013467 0, 1 E, T 1, 3
8-19 01245689 014589 014589 2, 6 E, 7 3, 1
8-19 01245689 014589 014589 2, 6 3, E 1, 5
8-19 01245689 014589 014589 2, 6 7, 3 5, 3
8-20 01245789 012579 012579 4, 8 T, 6 6, 2
8-20 01245789 014589 014589 2, 7 E, 6 3, 1
8-20 01245789 014589 014589 2, 7 3, T 1, 3
8-20 01245789 024789 012579 1, 5 3, E 2, 6
8-21 0123468T 02468T 02468T 1, 3 E, 9 2, 6
8-21 0123468T 02468T 02468T 1, 3 7, 5 6, 2
8-21 0123468T 02468T 02468T 1, 3 9, 7 4, 4
8-22 0123568T 01235T 023457 6, 8 9, 7 3, 1
8-22 0123568T 01358T 024579 2, 6 E, 7 3, 1
8-22 0123568T 12368T 012579 0, 5 4, E 4, 6
8-22 0123568T 13568T 024579 0, 2 E, 9 1, 5
8-23 0123578T 01358T 024579 2, 7 E, 6 3, 1
8-23 0123578T 02357T 024579 1, 8 4, 9 3, 1
8-24 0124568T 02468T 02468T 1, 5 E, 7 2, 2
8-24 0124568T 02468T 02468T 1, 5 3, E 2, 6
8-24 0124568T 02468T 02468T 1, 5 7, 3 6, 2
8-25 0124678T 02468T 02468T 1, 7 E, 5 2, 2
8-25 0124678T 02468T 02468T 1, 7 3, 9 2, 2
8-25 0124678T 02468T 02468T 1, 7 5, E 4, 4
8-25 0124678T 02468T 02468T 1, 7 9, 3 4, 4
8-26 0124579T 01457T 013689 2, 9 3, 8 1, 1
8-26 0124579T 024579 024579 1, T 8, E 5, 1
8-26 0124579T 02579T 024579 1, 4 6, 3 5, 1
8-26 0124579T 12479T 013689 0, 5 E, 6 1, 1
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8-27 0124578T 01247T 023469 5, 8 9, 6 4, 2
8-27 0124578T 01457T 013689 2, 8 3, 9 1, 1
8-27 0124578T 01478T 013569 2, 5 6, 3 4, 2
8-27 0124578T 124578 013467 0, T 9, E 3, 1
8-27 0124578T 12458T 013479 0, 7 6, E 6, 4
8-27 0124578T 12578T 014679 0, 4 3, E 3, 5
8-Z29 01235679 012369 012369 5, 7 T, 8 5, 1
8-Z29 01235679 012567 012567 3, 9 4, T 1, 1
8-Z29 01235679 012579 012579 3, 6 E, 8 4, 2
8-Z29 01235679 013569 013569 2, 7 4, E 2, 4
8-Z29 01235679 023679 013689 1, 5 8, 4 5, 1
8-Z29 01235679 035679 023469 1, 2 E, T 2, 4
8-Z29 01235679 123567 012456 0, 9 8, E 4, 2
9-1 012345678 0123456 0123456 7, 8 E, T 4, 2
9-1 012345678 2345678 0123456 0, 1 T, 9 2, 4
9-2 012345679 0123479 0123479 5, 6 E, T 6, 4
9-2 012345679 1234567 0123456 0, 9 8, E 4, 2
9-2 012345679 1345679 0234568 0, 2 T, 8 2, 6
9-3 012345689 0125689 0125689 3, 4 E, T 4, 6
9-3 012345689 0234568 0234568 1, 9 7, E 6, 2
9-3 012345689 1245689 0134578 0, 3 T, 7 2, 4
9-4 012345789 0134578 0134578 2, 9 6, E 4, 2
9-4 012345789 0345789 0124569 1, 2 E, T 2, 4
9-4 012345789 1235789 0124678 0, 4 T, 6 2, 2
9-5 012346789 0124678 0124678 3, 9 5, E 2, 2
9-6 01234568T 012468T 012468T 3, 5 E, 9 4, 4
9-6 01234568T 024568T 012468T 1, 3 9, 7 4, 4
9-7 01234578T 023578T 013568T 1, 4 9, 6 4, 2
9-7 01234578T 024578T 013468T 1, 3 E, 9 2, 6
9-7 01234578T 123458T 0123479 0, 7 6, E 6, 4
9-8 01234678T 023468T 012468T 1, 7 5, E 4, 4
9-9 01235678T 013568T 013568T 2, 7 4, E 2, 4
9-9 01235678T 023578T 013568T 1, 6 9, 4 4, 2
9-11 01235679T 013579T 013468T 2, 6 8, 4 6, 2
9-11 01235679T 123567T 0124569 0, 9 8, E 4, 2
9-11 01235679T 123679T 0125689 0, 5 4, E 4, 6
10-1 0123456789 01234567 01234567 8, 9 E, T 3, 1
10-1 0123456789 01234569 01234569 7, 8 E, T 4, 2
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Name Prime Form From To Distance
10-1 0123456789 01234589 01234589 6, 7 E, T 5, 3
10-1 0123456789 01234789 01234789 5, 6 E, T 6, 4
10-1 0123456789 01236789 01236789 4, 5 E, T 5, 5
10-1 0123456789 01256789 01234789 3, 4 E, T 4, 6
10-1 0123456789 01456789 01234589 2, 3 E, T 3, 5
10-1 0123456789 03456789 01234569 1, 2 E, T 2, 4
10-1 0123456789 23456789 01234567 0, 1 E, T 1, 3
10-2 012345678T 01234567 01234567 8, T E, 9 3, 1
10-2 012345678T 0123457T 02345679 6, 8 E, 9 5, 1
10-2 012345678T 0123468T 0123468T 5, 7 E, 9 6, 2
10-2 012345678T 0123578T 0123578T 4, 6 E, 9 5, 3
10-2 012345678T 0124678T 0124678T 3, 5 E, 9 4, 4
10-2 012345678T 0135678T 0123578T 2, 4 E, 9 3, 5
10-2 012345678T 0245678T 0123468T 1, 3 E, 9 2, 6
10-2 012345678T 12345678 01234567 0, T 9, E 3, 1
10-2 012345678T 1345678T 02345679 0, 2 E, 9 1, 5
10-3 012345679T 01234569 01234569 7, T E, 8 4, 2
10-3 012345679T 0123457T 02345679 6, 9 E, 8 5, 1
10-3 012345679T 0123569T 01345689 4, 7 E, 8 5, 1
10-3 012345679T 0124579T 0124579T 3, 6 7, 4 4, 2
10-3 012345679T 0134679T 0134679T 2, 5 E, 8 3, 3
10-3 012345679T 02345679 02345679 1, T 8, E 5, 1
10-3 012345679T 1234567T 01234569 0, 9 8, E 4, 2
10-3 012345679T 1245679T 01345689 0, 3 E, 8 1, 5
10-4 012345689T 01234589 01234589 6, T E, 7 5, 3
10-4 012345689T 0123468T 0123468T 5, 9 E, 7 6, 2
10-4 012345689T 0123569T 01345689 4, 8 E, 7 5, 1
10-4 012345689T 01345689 01345689 2, T 7, E 5, 1
10-4 012345689T 0134589T 01245789 2, 6 E, 7 3, 1
10-4 012345689T 0135689T 0124579T 2, 4 0, T 2, 6
10-4 012345689T 0234568T 0123468T 1, 9 7, E 6, 2
10-4 012345689T 0234689T 0124678T 1, 5 E, 7 2, 2
10-4 012345689T 1234569T 01234589 0, 8 7, E 5, 3
10-4 012345689T 1235689T 01245789 0, 4 E, 7 1, 3
10-5 012345789T 01234789 01234789 5, T E, 6 6, 4
10-5 012345789T 0123578T 0123578T 4, 9 E, 6 5, 3
10-5 012345789T 01245789 01245789 3, T 6, E 3, 1
10-5 012345789T 0124579T 0124579T 3, 8 7, 2 4, 6
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Name Prime Form From To Distance
10-5 012345789T 0134589T 01245789 2, 7 E, 6 3, 1
10-5 012345789T 0234579T 0123578T 1, 8 6, E 5, 3
10-5 012345789T 1234589T 01234789 0, 7 6, E 6, 4
10-5 012345789T 1234789T 01236789 0, 5 E, 6 1, 1
10-6 012346789T 01236789 01236789 4, T E, 5 5, 5
10-6 012346789T 01236789 01236789 4, T 5, E 1, 1
10-6 012346789T 0124678T 0124678T 3, 9 E, 5 4, 4
10-6 012346789T 0124678T 0124678T 3, 9 5, E 2, 2
10-6 012346789T 0134679T 0134679T 2, 8 E, 5 3, 3
10-6 012346789T 0134679T 0134679T 2, 8 5, E 3, 3
10-6 012346789T 0234689T 0124678T 1, 7 5, E 4, 4
10-6 012346789T 0234689T 0124678T 1, 7 E, 5 2, 2
10-6 012346789T 1234789T 01236789 0, 6 5, E 5, 5
10-6 012346789T 1234789T 01236789 0, 6 E, 5 1, 1
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Appendix 5: Parsimonious J1-Inversions
 This table includes all J1-inversions featuring a voice-leading distance of 1 or 2 
semitones.  Since only one voice is moving, there can only be strict parsimony produced by the 
exact inversional mapping.  (In larger cardinalities of Jx, apparent parsimony may exist where a 
J-inversion is realized with ic1 or ic2 voice-leadings not produced by the inversional mapping.)
Forte Prime Form Subset Subset     Moving Voice
Name Prime Form From To Distance
3-2 013 03 03 1 2 1
3-3 014 04 04 1 3 2
3-5 016 06 06 1 E 2
3-5 016 01 01 6 7 1
3-7 025 05 05 2 3 1
3-8 026 02 02 6 8 2
3-8 026 06 06 2 4 2
3-11 037 37 04 0 T 2
3-11 037 03 03 7 8 1
3-11 037 07 05 3 4 1
4-2 0124 024 024 1 3 2
4-12 0236 036 036 2 4 2
4-5 0126 012 012 6 8 2
4-16 0157 057 027 1 E 2
4-19 0148 048 048 1 E 2
4-19 0148 048 048 1 3 2
4-22 0247 024 024 7 9 2
4-27 0258 258 036 0 T 2
5-3 01245 0145 0145 2 3 1
5-5 01237 0123 0123 7 8 1
5-6 01256 0156 0156 2 4 2
5-7 01267 0127 0127 6 8 2
5-13 01248 0248 0248 1 3 2
5-16 01347 0134 0134 7 9 2
5-19 01367 0167 0167 3 4 1
5-20 01378 0178 0156 3 5 2
5-20 01378 0378 0158 1 2 1
5-21 01458 0145 0145 8 9 1
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Forte Prime Form Subset Subset     Moving Voice
Name Prime Form From To Distance
5-23 02357 0257 0257 3 4 1
5-25 02358 0235 0235 8 9 1
5-28 02368 0268 0268 3 5 2
5-30 01468 0468 0248 1 E 2
5-31 01369 0369 0369 1 E 2
5-31 01369 0369 0369 1 2 1
5-32 01469 1469 0358 0 T 2
5-32 01469 0149 0347 6 7 1
5-33 02468 0246 0246 8 T 2
5-33 02468 2468 0246 0 T 2
5-35 02479 0279 0257 4 5 1
5-35 02479 2479 0257 0 E 1
6-Z3 012356 01356 01356 2 4 2
6-Z19 013478 01348 01348 7 9 2
6-Z19 013478 01478 01478 3 5 2
6-21 023468 02346 02346 8 T 2
6-21 023468 02468 02468 3 5 2
6-34 013579 03579 02469 1 E 2
6-34 013579 13579 02468 0 T 2
6-Z25 013568 01356 01356 8 T 2
6-Z36 012347 01234 01234 7 9 2
6-Z44 012569 01259 03458 6 8 2
6-Z44 012569 01569 01478 2 4 2
6-Z47 012479 02479 02479 1 3 2
7-3 0123458 012345 012345 8 9 1
7-5 0123567 012567 012567 3 4 1
7-6 0123478 012348 012348 7 9 2
7-7 0123678 012678 012678 3 5 2
7-13 0124568 012456 012456 8 T 2
7-16 0123569 013569 013569 2 4 2
7-19 0123679 012369 012369 7 8 1
7-20 0124789 024789 012579 1 3 2
7-20 0124789 012789 012567 4 5 1
7-21 0124589 014589 014589 2 3 1
7-23 0234579 023457 023457 9 T 1
7-25 0234679 023679 013689 4 5 1
7-28 0135679 035679 023469 1 E 2
7-30 0124689 124689 013578 0 T 2
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Forte Prime Form Subset Subset     Moving Voice
Name Prime Form From To Distance
7-31 0134679 134679 023568 0 T 2
7-31 0134679 013467 013467 9 T 1
7-32 0134689 034689 013569 1 E 2
7-32 0134689 013689 013689 4 5 1
7-33 012468T 02468T 02468T 1 E 2
7-33 012468T 02468T 02468T 1 3 2
7-35 013568T 01358T 024579 6 7 1
7-35 013568T 13568T 024579 0 E 1
8-2 01234568 0123456 0123456 8 T 2
8-5 01234678 0124678 0124678 3 5 2
8-12 01345679 1345679 0234568 0 T 2
8-16 01235789 1235789 0124678 0 T 2
8-19 01245689 0124569 0124569 8 T 2
8-19 01245689 1245689 0134578 0 T 2
8-22 0123568T 013568T 013568T 2 4 2
8-27 0124578T 024578T 013468T 1 E 2
9-2 012345679 01234567 01234567 9 T 1
9-3 012345689 01234569 01234569 8 T 2
9-5 012346789 12346789 01235678 0 T 2
9-5 012346789 01236789 01236789 4 5 1
9-7 01234578T 0123457T 02345679 8 9 1
9-8 01234678T 0123468T 0123468T 7 9 2
9-8 01234678T 0124678T 0124678T 3 5 2
9-11 01235679T 0235679T 0124579T 1 E 2
9-11 01235679T 0123569T 01345689 7 8 1
9-11 01235679T 0125679T 01245789 3 4 1
10-1 0123456789 012345678 012345678 9 E 2
10-1 0123456789 123456789 012345678 0 T 2
10-5 012345789T 01235789T 01235678T 4 6 2
10-5 012345789T 02345789T 01235678T 1 E 2
11-1 0123456789T 012345678T 012345678T 9 E 2
11-1 0123456789T 023456789T 012345678T 1 E 2
11-1 0123456789T 0123456789 0123456789 T E 1
11-1 0123456789T 123456789T 0123456789 0 E 1
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